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Pavement Mechanistic Empirical Design (PMED) allows users to create Virtual Weather 
Stations (VWS) in locations where no nearby weather stations exist. VWS quality has faced several 
critiques through its implementations in PMED. PMED adopts the gravity model in its VWS 
creation process. MATLAB codes were used in comparing the error convergence of the gravity 
model interpolation technique and that by a Radial Basis Function (RBF). RBF interpolation 
showed very fast error convergence with the increase in number of interpolation data as compared 
to the gravity model. Contour plots emphasized the quality of interpolation where the RBF model 
produced well defined contours with a wider range of output than the gravity model. PMED 
software was used for further assessments of the quality of its VWS and RBF VWS considering 
climatic summary and pavement predicted distresses outputs. In most cases, the RBF VWS 
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Pavement design methods have been developed throughout the years considering the 
performance and behavior of pavements under different conditions. Most pavement design 
methods that are being implemented are highly based on empirical approaches. Mechanistic-
Empirical Pavement Design Guide (MEPDG) approach for pavement is gaining more attention 
due to its inclusion of different factors that affect the behavior of the pavement. The Mechanistic-
Empirical approach considers inputs such as traffic, material properties and climatic condition and 
site condition like the level of water table in a more detailed manner than the empirical pavement 
design. The current empirical AASHTO 1993 pavement design guide also included the effects of 
different factors such as traffic, materials, and climate. Some of the short comings of the AASHTO 
1993 include: traffic loading does not consider the current and future wheel configuration which 
results to different pavement loading patterns. The material property considerations were limited 
to few inputs such as the subgrade resilience modulus, drainage coefficient and layer coefficients. 
AASHTO 1993 has no room for the consideration of new pavement material types and other 
pavement materials properties. In the case of climatic effects, the AASHTO 1993 pavement design 
guide didn’t directly consider the effects of climatic condition on the pavement behavior, rather it 
considered the pavement drainage properties. These shortcomings are what fueled the need of 





In the efforts of transitioning from the empirical AASHTO 1993 pavement design 
approach, AASHTO have developed a mechanistic empirical design guide (MEPDG) software 
currently named Pavement ME Design (PMED) that in cooperates different models for pavement 
design and distress predictions. The mechanistic part of this design approach is behavior of 
pavements under stress and strain, while the empirical part explains the relationship between these 
distresses to the surrounding factors (Interactive, 2021). 
The accuracy of the pavement distress predictions and analysis is dependent on the quality 
of data used, PMED classifies data into three hierarchical levels. Level 1 input data are those 
obtained from actual measurement and are of the highest quality. Level 2 input data also known 
as regional data, are a product of regression from existing data. Level 2 input data are referred to 
as regional data since they can be used to represent a certain regional area like a state or a city. 
Level 3 input data are a representation of a general occurrence of a measurement, they are usually 
termed as National data and are the default values found in the PMED software. The accuracy of 
the pavement distress predictions and analysis is dependent on the level of data used, Level 1 input 
data offers the best pavement representation (NEW, 2004). 
Climatic conditions have been observed to affect the long-term performance of pavements. 
PMED uses the Enhanced Integrated climatic model (EICM) to consider climatic conditions in 
pavement design. The EICM requires five hourly climatic data: air temperature, wind speed, 
percent sunshine, precipitation, and relative humidity. The climatic data is used to perform 
moisture and temperature analysis throughout the pavement cross section over the design life. To 
perform these analysis EICM uses its’ three components: Climate-Materials Structure Model, 
Infiltration-Drainage model and Frost-heave and settlement model. These components enable the 




frost and thaw depth, pore water pressure, temperature, and resilience modulus adjustment factors 
throughout the pavement design life (Khazanovich et al., 2013; Oh, Ryu, Fernando, & Lytton, 
2006; Zaghloul, Ayed, Halim, Vitillo, & Sauber, 2006) . 
Weather data needed by the EICM can be obtained from weather stations. Numerous 
studies and research have been carried out to select a weather station source for MEPDG 
implementation (Heitzman, Timm, Tackle, Herzmann, & Traux, 2011; Heitzman et al., 2017; 
Schwartz et al., 2015; Yang, You, Hiller, & Watkins, 2018; Ziedan, 2017). Among the 
qualification used to selecting weather stations included completeness of data, geographic 
coverage of stations, and methods used in data collection. Currently, PMED is calibrated to use 
NASA’s MERRA climatic data as the default climatic stations for flexible pavement design 
process. PMED still uses NARR weather stations for rigid pavement in spite of their poor 
geographic coverage. PMED allows the creation of Virtual Weather Stations (VWS) in locations 
where no close weather station exist. VWS are created by interpolation of nearby weather stations 
data. 
 
1.1 Problem statement 
As previously stated in the introduction, the PMED software allows the user to create 
virtual weather stations in areas where climatic stations are not available. The creation of VWS is 
achieved by interpolating climatic data from nearby weather stations. PMED uses a gravitational 
model-based technique in the creation of VWS while considering selected nearby weather stations. 
Several studies have reported the variation in pavement performance predictions when using VWS 
compared to the actual/existing weather stations. Considering the relationship between pavement 




analysis is of vital importance. Due to this argument and previous studies on the PMED VWS, it 
is important to investigate the accuracy of VWS created and a different technique. The RBF 
interpolation technique being amongst the common technique applied in various fields of studies, 
is best known of its accuracy. RBF is adopted and its accuracy is compared to that of PMED in 
VWS creation. 
 
1.2 Thesis Objective 
The objective of this thesis is to compare the accuracy of the interpolation technique used 
in the creation of Virtual Weather Station (VWS) in the current PMED software and that of the 
Radial Basis Function (RBF) interpolation technique. 
 
1.3 Scope of the Thesis 
Although this study focuses on the interpolation technique used for VWS, the study does 
not include the effects of elevation in the VWS creation process. The study only involves the 
MERRA climatic data and the weather station’s locations for the interpolation (2 Dimension 
approach). 
1.4 Thesis Overview 
This thesis is focused on the improvement of the Virtual Weather Stations (VWS) model in 
the PMED software. Chapter I introduce readers to PMED pavement design, the influences of 
climate in pavement design, and weather station source used and VWS. Chapter II presents a 
literature review on the performance of the Enhanced Intergraded Climatic Model (EICM) and 
VWS models. Chapter III discusses the methodology used to compare the PMED VWS model 




the methodology in Chapter III are discussed and further statistically analyzed. The final chapter, 
Chapter V presents the conclusion and recommendation based on the findings and analysis from 













As briefly explained in the introduction, the EICM is responsible for inclusion of the effects 
of climate in pavement design and performance prediction. The EICM model hourly climatic 
inputs requirements for its operations include air temperature, wind speed, percent sunshine, 
precipitation, and relative humidity. The EICM also requires water table depth values for the 
respective pavement locations, these values can either be included in PMED as seasonal values or 
as an annual value. All these EICM inputs are used in modeling moisture profile in the pavement 
layers throughout the entire design life. 
 
2.1  EICM Climatic Sensitivity Analysis 
Knowing the EICM inputs, it is important to understand their sensitivity in pavement 
distress prediction. Sensitivity analysis of the EICM model is very important as it emphasizes on 
the need of quality and accuracy of climatic data in pavement design. Inferior quality of climatic 
data will result in poor or unrealistic pavement predicted distresses, which may lead to extra costs 
in construction or maintenance of the designed pavements. Knowing the importance of the 
sensitivity analysis of the EICM climatic model, several studies on the sensitivity analyses have 






In 2005 a study was conducted in the state of New Jersey to determine the performance of 
the EICM. 24 test sections were included in the study and upon analysis, the effects of seasonal 
variation showed to have a more significant influence on flexible pavements than rigid pavements. 
A closer observation on climatic influence was conducted considering 2 LTPP site sections that 
were amongst the 21 flexible sections. The sections were continuously measured for; pavement 
temperature, moisture content, frost-thaw depth, ground water depth, air temperature and rainfall. 
Data was collected for a two-year period for analysis. The measured versus the EICM predicted 
temperature and moisture contents showed a significant variation. A sensitivity analysis was 
further performed to check the influence of wind speed and percent sunshine to the measured and 
predicted temperature values. Windspeed was observed to have a significant influence in the 
predicted data than the percent sunshine (Ahmed, Marukic, Zaghloul, & Vitillo, 2005). 
In the efforts of understanding the effects of MEPDG to climatic changes for future flexible 
pavement performance of low traffic pavements, Tighe et al (2008) performed a study that 
involved six LTPP sites and climatic models to model future climatic data. In the study, higher 
temperature values showed a potential of increasing rutting. Climatic changes also showed impacts 
to longitudinal cracking and alligator cracking predictions, with less sensitivity to transverse 
cracking and terminal IRI (Tighe, Smith, Mills, & Andrey, 2008). 
In 2013, a sensitivity analysis was conducted using a One at a Time (OAT) sensitivity 
analysis method to determine the sensitivity of flexible and rigid distress prediction to climatic 
inputs for Maryland’s pavements. The analysis considered nine base cases located in three climatic 
regions (cold-wet, hot-dry and temperate) with three traffic levels based on the Average Annual 
Daily Truck Traffic (AADTT) values ranges ( low (<5000), medium (5000 – 10000) and high 




similar results for both flexible and rigid pavements where average annual temperature and average 
temperature range gave the highest sensitivity in pavement distress predictions. Percent sunshine 
and wind speed had some influence in the pavement predicted performances unlike precipitation 
and relative humidity which showed very little effects. For Hot Mixed Asphalt (HMA); Asphalt 
rutting, total rutting, and longitudinal cracking were observed to be the most sensitive distresses 
to climate inputs. Slab cracking was the most sensitive distress for Jointed Plain Concrete 
Pavement (JPCP) (R. Li, Schwartz, & Forman, 2013; Schwartz et al., 2015).  
Saha et al (2014) conducted a sensitivity analysis to investigate the climatic effects on a 
typical Canadian pavement using 206 climatic files. A total of 206 analyses were conducted on the 
typical pavement and the following were observed for the MEPDG; the alligator cracking and 
transverse cracking were not sensitive to climatic changes, longitudinal cracking values were 
predicted significantly higher in permafrost zones than in the other climatic zones, climatic 
changes caused variation of the predicted; IRI values from 1.4 - 2.3 m/km, AC rutting values from 
0.75 - 15.5mm and total pavement rutting ranging from 6 - 24mm. The study concluded that the 
rutting model used in the MEPDG is sensitive to climate changes (Saha, Nassiri, Bayat, & 
Soleymani, 2014). 
In 2017, a sensitivity study was performed to check the effects of climatic inputs on PMED 
flexible pavements distress predictions for the State of Michigan. Six sites were used for the 
climatic sensitivity study, the six sites were selected such that they represented different 
Michigan’s geographical location. The study also considered typical traffic conditions (high and 
medium levels of traffic). The sensitivity analysis conducted using the six sites showed pavement 
distress predictions to have a high sensitivity to temperature climatic inputs. The pavement 




Index (I.R.I) showed to be more sensitive with temperature and percent sunshine. Higher 
temperature and percent sunshine resulted to increase in rutting and IRI predictions. On the other 
hand, rutting and IRI values were observed to decrease with the increase in wind speed or 
precipitation. The amount of fatigue cracking was reported to be less with higher temperature and 
percent sunshine and increased with increase in windspeed or precipitation. Relative humidity 
climatic inputs were seen to have a negligible effect on the pavements distress predictions. From 
this study temperature was concluded to be the most sensitive climatic input followed by 
windspeed with direct effects on thermal cracking, AC rutting, total rutting and IRI predictions. 
Percent sunshine inputs affected thermal cracking, top-down cracking, and bottom-up cracking 
predictions. Relative humidity and precipitation were the least sensitive climatic inputs in the 
EICM for PMED distress predictions (Yang, You, Hiller, & Watkins, 2017b). 
In 2020, Msechu et al performed a sensitivity analysis on PMED to determine the influence 
of climatic inputs on pavements. The sensitivity analysis adopted a 2k factorial design method 
considering maximum and minimum climatic input values in its analysis. The sensitivity analysis 
used three LTPP sites locates in the state of Tennessee as a case study representing 3 different 
pavement structures and different traffic types. The analysis considered the effects of temperature, 
wind speed, percent sunshine, relative humidity, and the depth of water table. The analysis of the 
climatic inputs suggested temperature to be the most sensitive climatic input followed by wind 
speed and water table depth. Percent sunshine was a less sensitive climatic input while relative 
humidity showed no effect on the PMED predictions (Msechu, Onyango, Wu, & Udeh, 2020). 
From the above climate inputs sensitivity analyses, the influence of climatic inputs can clearly 
be observed. These analyses show how vital the quality of climatic data can be to the pavement 




design which will impact the pavement long term performance and or construction costs. From all 
the analyses temperature inputs have shown to be most sensitive climatic input. 
 
2.2  PMED Virtual Weather Station (VWS) 
 In instances where climatic data are not available near a project location, the EICM allows 
users to select multiple weather stations around the point of interest, the selected weather stations 
data are then interpolated in the EICM and results stored as a virtual weather station. Selection of 
many weather stations for creation of VWS is encouraged so as to smooth the error brought about 
by data gaps that exist between data (NEW, 2004). The interpolation methodology for creating 
VWS, involves weighing climatic station based on their closeness to the VWS location. The closest 
station’s climatic data values are given more weight and hence contribute more to the final VWS 
values. The weighing interpolation technique adopted by the EICM model follows the gravity 
model also known as inverse square (1/R2) method. As shown in Figure 1.1 below 5 operational 
weather stations were used by LTPP in creating VWS with each station at a distance R from the 






Figure 2.1 Gravity Model Interpolation Technique 
 
The gravitational model inspired by the newtons law of gravity follows the equation 2.1 , 
where V represents the interpolated climatic data at time m, Vmi representing the climatic data for 
the near weather station i at time m, R represents the distance between the VWS and the weather 






















Studying the effects of climatic file generation to the quality of climatic data, Johanneck et 
al (2010) compared the MEPDG transverse cracking predictions considering two climate files 
scenario: (1) the nearest weather station and (2) by using a interpolated climatic data file created 
from five nearby weather station with exception of the nearest one. To achieve this compassion a 
composite pavement section with a 2 -in thick layer over a 7 -in JPCP layer was used. With this 
pavement section 12 non-mountainous locations in the United States were selected to run the 
transverse cracking prediction by the MEPDG. In some areas the transverse cracking predicted 
results using the nearest weather station were close to those using the interpolated station. In other 
cases, the results of the two scenarios were dramatically different. Interpolated climatic data was 
then labeled to may cause inaccuracy and depended on the accuracy of the climatic stations used 
in creating them (Johanneck & Khazanovich, 2010). 
 Li et al (2010) performed a study to verify VWS by using LTPP Automated Weather 
Stations (AWS). The study considered absolute difference values of maximum and minimum 
temperatures, mean temperature, and precipitation in comparison of AWS and VWS. Two VWS 
scenarios where used; scenario 1 considered all weather stations while scenario 2 considered only 
the nearest one. Both scenarios showed a small difference when comparing the average of the 
differences of the measured parameters (maximum temperature, minimum temperature, mean 
temperature, and precipitation). The range of the absolute difference of maximum and minimum 
values showed a wide variation (such variation in temperature values may lead to wrong binder 
grade selection for asphalt materials resulting to low temperature cracking and or rutting). All of 
the absolute differences data for all the cases did not follow a normal distribution. When plotting 
the AWS versus VWS data, the precipitation and minimum temperature data were widely scattered 




number of freeze and thaw cycles, the results showed a large dispersion of the annual precipitation 
and number of freeze and thaw cycles from the line of equity where the precipitation of VWS data 
was under-predicted and number of freeze and thaw cycles over-predicted (Q. Li, Wang, & Hall, 
2010). 
Using MEPDG version 1, Dzotepe et al (2011) compared pavement distresses produced by 
actual weather station to those from VWS. To further understand the effect of elevation, two 
scenarios were developed. Scenario 1 considered all nearby weather station in the creation of VWS 
and scenario 2 considered only the station with a +/- 500 ft elevation difference. To study these 
two scenarios with respect to the distresses and climatic summary produced by the actual weather 
station, two approaches were considered; first approach looked upon the differences between the 
two scenarios to the actual weather station, and the second approach considered the percent 
difference. Statistical analysis considered a bootstrap sampling method that involved the creation 
of a regression model with the annual climatic variables as regressors and the predicted distresses 
as response variables. From the analysis IRI, alligator cracking and transverse cracking showed no 
significance difference for both VWS scenarios when considering their difference from those 
produced from the actual values. Transverse cracking, AC, and total rutting showed significant 
difference with scenario 1 considering all weather stations. For the climate variables, annual 
rainfall and freeze/thaw cycles show significant difference when considering percent difference 
(Dzotepe & Ksaibati, 2011). 
 In evaluating VWS performance using MEPDG Version 1.1, Saha et al (2014) compared 
predicted pavement performance results when using VWS and existing weather stations. To 
perform this comparison VWS were created considering 6 weather stations (maximum number of 




weather stations. The comparison considered 3 pavement distresses: IRI, AC and total rutting. On 
comparing the range between the maximum and minimum differences between the VWS and 
existing weather stations predicted distresses, IRI differences ranged from 0.0 – 0.1 m/km, AC 
rutting 0.3 – 3.1 mm and total rutting 0.2 – 4.6 mm. From these observations IRI predictions were 
considered consistent between the two groups while AC and total rutting predictions showed 
inconsistency. The suggested cause for the differences between the VWS and the actual weather 
stations included: distance between the selected weather stations used for VWS (3 – 100 km), 
elevation changes, and low quality and inconsistent climatic data files used for VWS creation. The 
AC rutting when using VWS varied up to 1.6 times compared to those by existing weather stations 
(Saha et al., 2014). 
 Godfrey et al (2015) described the interpolation technique used in the PMED software as 
a simple weighting algorithm that operates by averaging the influence of nearby weather stations 
based on the inverse of the distance to each station. Since the weighing algorithm was applied in 
previous studies to filling gaps in stations with missing data, the author placed concerns on the 
effectiveness of this method in places with varying topography and along coastal areas which are 
highly accompanied by large discontinuity in meteorological surface variable. The author also 
discouraged the use of other simple interpolation techniques such as the use of polygonal estimates 
and triangulation and encouraged more effective methods such natural neighbor interpolation 
(Heitzman et al., 2011; Liang & Hale, 2010), trend surface analysis and spline models (Jarvis & 
Stuart, 2001), empirical orthogonal function analyses (Beckers & Rixen, 2003), maximum 
likelihood estimates for incomplete data (Schneider, 2001), artificial neural networks (Kashani & 
Dinpashoh, 2012) and other spatial interpolation methods. The author proposed the used of 




combination of measurement to predict a value. To determine the distances at which the creation 
of VWS in the MEPDG software, months of January and July were selected with maximum 
temperature, minimum temperature, and precipitation as the climatic comparison variables. The 
author used coefficient of determination (R2) to quantify the suitable distance for interpolation 
while setting an R2 value of 0.9 as the lower limit to accept a suitable distance for VWS. Climatic 
data used was from GHCN-Daily site to establish the climatic similar areas, and NARR data for 
R2 values comparison. All 3 analyzed NARR grids for the months of January and July with a 5 
years data span produced lower R2 values than the established 0.9 limit. From these results the 
author discouraged the used of VWS in the MEPDG software especially with respect to long 
distances since it results to failure of a realistic time series of hourly climatic data  (Godfrey, 2015). 
 
2.3  Radial Basis Function 
 Radial basis functions can simply be identified as a basis function that depends only on the 
radial distance from its center. Basis functions are known to be symmetric along their centers but 
are also faced with discontinuity. To tackle the discontinuity, different smoothness functions called 
kernels are included to the basis function. The basis function that includes the smoothness 
functions are named radial basis function. The basis function follows the equations 2.2, where A 
represents the interpolation matrix or the Vandermonde matrix with elements 𝑎𝑖𝑗 = 𝜓𝑗( 𝑥𝑖) that 
transforms to 𝑎𝑖𝑗 = ∅𝑗(𝑟𝑖)  when considering kernel function for radial basis functions as shown 
on equation 2.3. The interpolation matrix (A) has dimensions of NxN, where N represents the 
number of data site measurements (Equation 2.4). F is a vector representing the data measurements 
and ⋋ is a vector representing linear combination coefficients. F is also represented as s(x) as seen 




 𝑨 ⋋ =  𝒇 ( 2.2) 
 
 𝜓(||𝑥 − 𝑥𝑖||) = ∅(𝑟) ( 2.3) 
Where: 𝑟 =  ||𝑥 − 𝑥𝑖|| 









] ( 2.4) 
After introducing smoothing functions (kernel) to the basic function the radial basis function can 
be expressed as show on the equations 2.5 and 2.6 below. 














∅1(||𝑥1 − 𝑥1||) ∅1(||𝑥2 − 𝑥1||)
∅2(||𝑥1 − 𝑥2||) ∅2(||𝑥2 − 𝑥2||)
⋯ ∅1(||𝑥𝑁 − 𝑥1||)
⋯ ∅2(||𝑥𝑁 − 𝑥2||)
⋮ ⋮
∅𝑁(||𝑥1 − 𝑥𝑁||) ∅𝑁(||𝑥2 − 𝑥𝑁||)
⋱ ⋮















] ( 2.6) 
 
Several radial basis functions kernels can be adopted in the radial basis function as shown 
on Table 2.1 (Du Toit, 2008). The Gaussian kernel is the most common used radial basis function 











Table 2.1 Radial Basis Function Kernels 
 
Radial Basis Function ∅(𝒓)  Shape Parameters (𝛜) 
Gaussian 𝑒−(ϵ𝑟)
2
 ϵ >  0 








 ϵ >  0 
 
A shape parameter epsilon (ϵ) is included in all radial basis function kernels, the shape 
parameter (ϵ) is responsible for the shape of the kernel basis function. Small changes in the shape 
parameter can result to a significant change in the RBF system (Figure 2.2). As observed on Figure 
2.2, the steepness or flatness of the of the function changed with the shape function (c =  ϵ). The 
use of very small shape function values can lead to increase in noise while the use of larger values 
can increase accuracy but decrease stability due to deviation from the established datapoint 





Figure 2.2 Radial Basis Functions Sensitivity to Shape Parameters 
 
 Du et al (2008) showed the application of radial basis function interpolation by considering 
half-ellipsoid data, topological (GIS) data, 3D face data and image warping. On the half-ellipsoid 
data, the RBF used 1722 x, y data with their function values representing elevation to reconstruct 
the half-ellipsoid in a 3D shape. The resulting interpolation would produce elevation based on the 
x, y points of interest. The reconstruction of the half-ellipsoid was performed successfully resulting 
to a smooth interpolant using the RBF kernels with c = 1, for the case of Gaussian kernel best 




larger values produced interpolants with large variation.  RBF interpolation for the 3D face data 
considered 3292 points, with the aim of producing little effects from extrapolation when choosing 
an evaluation space. The thin plate spline RBF interpolants showed to have more oscillations than 
the linear RBF interpolants. The results obtained from using topological data with 3388 scattered 
x, y, z points to from a landmark in South Africa was a success resulting to a satisfying and 
matching values with the original landmark data. Using RBF interpolation for image warping 
aiming at shifting pixels to new passion, the author considered Gaussian and thin plate spline. On 
wrapping the Gaussian RBF function using thin shape parameters achieved better results by only 















As stated in the introduction chapter, the objective and focus of this thesis is to compare 
the accuracy of the interpolation technique adopted by the current PMED software in the creation 
of VWS by comparing its output to those of existing MERRA data at the same location of 
Interpolation. An alternative interpolation technique, the Radial Basis Function (RBF) 
interpolation method is also compared to the existing MERRA data to check for its accuracy in 
creation of VWS using Tennessee as the case study state. Prior to comparing the performance of 
the two model in formation of VWS, the error convergence of the two models was assessed. The 
interpolation methods influences were also demonstrated by contour maps using some hourly 
MERRA climatic data in the states Tennessee.  
 
3.1 Error Convergence - Methodology 
To determine the accuracy of both the interpolation techniques, the convergence of both 
interpolation models is checked using random numbers using the MATLAB software. The most 
accurate interpolation technique is expected to converge faster with respect to the number of 
analyzed data points. Two groups of data are used, the first group is used for interpolation and 
error comparison and the second group is used as the data source for interpolation. To have a 
known boundary of data values, both groups are generated within the intervals of [0,1]. The groups 




cosine function (equation 3.1). For the sake of differentiating the variables of the two groups, group 
1 variables with be denoted by uppercase X, Y and Z and group 2 values will be represented as 
lowercase x, y and z (Ghasemi et al., 2021a; Ghasemi et al., 2021b). 
 𝑓 =  2 + 0.2𝑐𝑜𝑠(2𝜋𝑥)𝑐𝑜𝑠(2𝜋𝑦) ( 3.1) 
 
As previously mentioned, group 1 contains interpolation points and hence the error 
checking points as well. To attain consistence, group 1 points were distributed in an equal interval 
of 0.125 in both the X and Y direction to form a constant grid within the bounds of [0,1] in both 
directions (Figure 3.1). The values of Z were obtained with respect to their X and Y values using 
the analytical cosine function shown on the equation 3.1. Group 2 values unlike group 1 are 
randomly generated with no established interval but within the same boundary of [0,1] (Figure 
3.2) as group 1. Group 2 random points x, y and their respective calculated z values are used as 
interpolation data on each of the (X, Y) grid nodes established by group 1. The interpolation output 
using the group 2 data on group 1 points are named as Z_Calculated (equation 3.1). Z_Calculated 
are compared with the Z value with respect to their corresponding X and Y coordinates. The 
interpolation on group 1 points by using group 2 data was repeated using various numbers of  
random generated points starting with 300 points to 15,000 at an interval of 300. The error 
associated with each set of random numbers was recorded for both the gravity model interpolation 
and RBF interpolation. Root Mean Square Error (RMSE) was used in determining the error 

















3.2 MERRA Climatic Stations for the State of Tennessee 
Flexible pavement distress models are currently calibrated using MERRA climatic data. 
The advantage of MERRA climatic files are its geographic coverage and complete climatic data. 
To completely consider the state of Tennessee’s climatic condition a total of 49 climatic files are 
used. The climatic files selected are withing and neighboring the state of Tennessee. All the 
MERRA climatic data files used to interpolate to the 49 MERRA location have 298032 hours 
(about 34 years) of hourly climatic data from 01/01/1985 00hrs to 12/31/2018 23hrs. The climatic 
data include temperature, windspeed, percent sunshine, precipitation, and humidity. Figure 3.1 
shows the location of the 49 MERRA climatic weather stations for the State of Tennessee which 
are also the points for interpolation. APPENDIX A shows the MERRA ID, spatial coordinates, 
State, county, and the elevation of the 49 MERRA station for the State of Tennessee.  
 







3.3 Gravity and RBF Interpolation Models Quality Comparison 
Further comparison of the two interpolation techniques was performed considering the 
MERRA stations (Figure 3.1) for the state of Tennessee. The comparison involved interpolation 
at 3881 points inside the state of Tennessee as observed in Figure 3.2, Each node of the mesh 
served as the points of interpolation for the MERRA climatic values. Temperature climatic values 
were considered for the sake of model quality comparison. The hourly temperature climatic values 
for each of the 49 stations selected for the visualization comparison were the: 1st, 50,000th, 
100,000th, 150,000th and 200,000th hours. Such interval selection was done to obtain diverse 
visualization outputs. The interpolation output for both models were visualized and compared 
using contour plots (Ghasemi et al., 2021a; Ghasemi et al., 2021b). 
 
Figure 3.4 Interpolation points for Interpolation Model Comparison 
 
3.4  Interpolation Methodology for PMED Comparison 
For a better comparison between the PMED and RBF virtual weather stations, a similar 
approach was adopted in selection of nearby weather stations required to create the VWS. The 
methodology adopted considered eight nearby weather stations with the VWS to be created at the 
central location. The central location where the VWS is to be created corresponds to the existing 
MERRA station for which the VWS data will be compared to. Figure 3.3 below shows a 




stations used for interpolation, the yellow pin marker represents the location on which the VWS is 
to be created and the blue marker represents the MERRA station for which the VWS data will be 
compared to. The location of the central blue marker is identical as that of the VWS. This general 
methodology was used in creating VWS at the locations of all the 49 MERRA stations for the State 
of Tennessee. 
 
Figure 3.5 Interpolation Methodology Scheme 
 
3.4.1 Climatic Summary   
Figure 3.4 show a flowchart showing the process of VWS creation to the final comparison 
of the VWS climatic summary with the existing MERRA climatic station. For the case of PMED, 
VWS interpolation followed a straightforward approach as described in the methodology. After 
creating the VWS as following the interpolation methodology climatic summary information as 
presented by the PMED software are recorded for use in comparison analysis. The PMED climatic 
summary included mean annual air temperature (℉), mean annual precipitation (in), freezing 
Index (℉ - days), mean annual Number of freeze/thaw cycles and number of wet days, all 
computed in the PMED software. The PMED VWS are copied and stored as .HCD files for further 




The RBF interpolation as show in the flowchart on Figure 3.4, was performed using 
MATLAB software. The RBF code was compiled and modified to implement the interpolation 
methodology as previously discussed. The process involved writing MATLAB code that selects 
eight nearby weather stations based on their distances and presenting them as interpolation data. 
The RBF kernel used was the Gaussian kernel selected due to its fast convergence and being 
amongst the commonly used RBF interpolation kernel. After assembling and writing the code, all 
MERRA climatic stations were accessed and interpolation according to the methodology was 
achieved. The RBF VWS obtained were saved as. HCD format ready for quality checks. Quality 
check involved checking if the produced interpolation climatic data are within the range as 
specified in the PMED software, example; values expressed as percentage cannot exceed 100 or 
be negative values, wind speed values and precipitation values cannot be negative values and so 
on. The quality checked RBF VWS .HCD files were then used as inputs in the PMED software to 
determine their climatic summary values as calculated by PMED software for comparison with the 



















3.4.2 Pavement Distresses  
After generating and comparing the VWS climatic summaries generated by the two 
interpolation techniques with the existing MERRA data, the impact of the VWS on pavement 
distress prediction is studied. Distresses predicted by each of the generated 49 VWS from each 
interpolation method are compared to those generated by the existing MERRA climatic stations. 
  To perform distress prediction comparison of the VWS, 5 LTPP sites were considered. 
Pavements sections selection considered non-rehabilitated pavements with different structures as 
present in the State of Tennessee. In the state of Tennessee, a total of 10 LTPP sites are non-
rehabilitated. Five out of the 10 non-rehabilitated sections are considered for this study based on 
their structures. Figure 3.5 shows the locations of the five non-rehabilitated LTPP sites considered: 
47-C330, 47-3104, 47-3075, 47-B330 and 47-0602, where 4 of the sections been flexible and the 
remaining section being a JPCP rigid pavement. 
 




 Pavement analysis using the PMED software requires the pavement’s cross-section/layer 
profile as mentioned earlier but also requires traffic inputs, material inputs and climatic data inputs. 
The following are mentioned as required inputs with some of their input parameters and their data 
sources. 
• Traffic inputs: AADTT from the LTPP Infopave website, Vehicle Class Distribution 
(VCD) and growth rate, Monthly Adjustment Factors (MAF) and axles per truck from 
TDOT Tennessee MEPDG traffic research. Default PMED values were considered for 
the remaining traffic parameters. 
• Materials inputs – Layer thicknesses, Asphalt mixture volumetrics, Asphalt binder 
type, gradation & other engineering properties and Resilient modulus from the LTPP 
Infopave website. Default PMED values were considered for the remaining materials 
parameters. 
• Climatic inputs –Site Location, MERRA climatic data from the LTPP Infopave website 
and Water table depth from the USGS database. 
 
The workflow of pavement distress prediction using the 3 climatic data scenarios (existing 
MERRA, PMED VWS and RBF VWS) is as presented on the flowchart on Figure 3.6. The steps 
taken in the comparison of the VWS sources are completely identical. Each of the 5 LTPP sites as 
previously shown on Figure 3.5 are analyzed with all 49 of each of the 3 climatic data scenarios to 
obtain a total of 49 distress prediction reports per weather station scenario. This method is similar 
to that applied by Saha et al when assessing climatic influence on a typical pavement section in 
Canada (Saha et al., 2014). After all distresses were predicted for all climatic data scenario for 




the existing MERRA station with respect to the 49 location for the state of Tennessee. All flexible 
pavement predicted distresses were considered in the analysis, the distresses included: total 
pavement permanent deformation, bottom-up cracking, thermal cracking, AC permanent 
deformation, top-down cracking, and a roughness value terminal IRI. Rigid pavement distresses 
predicted for the JPCP pavement included mean joint faulting, JPCP transverse cracking, and a 












3.5  Statistical Analysis 
3.5.1 Correlation Analysis 
Goodness of fit statistics was used to check the accuracy of the both the VWS interpolation 
methods with respect to the values produced by the existing MERRA data. The goodness of fit 
statistic was analyzed for both the climatic summary information and the pavement distresses 
predicted of the VWS data and the existing MERRA data. 
 
The goodness of fit parameters used to assess the data are:  
i. The coefficient of linear determination (R2) – used as the indicator of fit (amount of 
variation). The values for R2 ranges from 0 to 1, where 1 represent the best fit of the trend 
line (a stronger correlation).  
ii. Standard Error of the Estimate (SEE) – used as the measure of accuracy of predictions. 
SEE is calculated as the square root of the average of the sums of squares of the difference 
between the actual values and the predicted values (equation 3.2). 
 𝜎𝑒𝑠𝑡 = √
∑(𝐴 − 𝑃)2
𝑁
 ( 3.2) 
Where:  
A – Actual value 
P – Predicted value 
∑(𝐴 − 𝑃)2 = SSE (Sum of squared estimate of errors)  




 For the coefficient of linear determination value ranges adopted for this thesis are as those 
defined by Dancey et al as shown on Table 3.1 (Dancey & Reidy, 2007; Yang, You, Hiller, & 
Watkins, 2017a). 
 
Table 3.1 Categories of Correlation Strength 
Value of Correlation Coefficient (R2) Strength of Correlation 
1 Perfect 
0.9 - 1 Very Strong 
0.8 – 0.9 Strong 
0.6 – 0.8 Moderate 
0.5 – 0.6 Weak 
< 0.5 Very Weak 
 
 
3.5.2 Hypothesis Testing 
To determine the appropriate statistical hypothesis test, the normality of the data sets was 
determined. The Q-Q plots are used to check the normality of the climatic summary data and 
pavement distresses results of each of the 49; existing MERRA station, PMED VWS and the RBF 
VWS data. 
From the Q-Q plots, the decision to either use parametric tests or non-parametric tests in 
the hypothesis testing can be established. A non-parametric test was applied when both or one of 
the data set (existing MERRA derived data and VWS model derived data) didn’t follow a normally 
distribution. Parametric test was only performed when all compared data sets followed a normal 
distribution. The Wilcoxon rank rum test was used in the comparison of the non-parametric data 
while the unpaired two sample t-test was used for the parametric data at a 95% confidence level, 




Climatic Summary Hypothesis: 
Null hypothesis (𝑯𝑶 ): There is no difference between the existing MERRA and the VWS climatic 
summaries. 
Alternative hypothesis (𝑯𝑨 ): There is a difference between the climatic summaries. 
 
Predicted Distresses Hypothesis: 
Null hypothesis (𝑯𝑶 ): There is no difference between the existing MERRA and the VWS 
predicted distresses. 











4.RESULTS AND ANALYSIS 
 
 
The implementation and results of this study are presented and analyzed on this section. 
The observations on comparing error convergence of RBF and Gravity interpolation models, are 
presented along with the contour plots produced from interpolation within the State of Tennessee. 
Climatic summary results and statistical analyses are obtained and performed respectively with 
respect to the 49 location for the State of Tennessee to further determine which VWS method 
performs better. On the aspect of pavements predicted distresses using the 5 LTPP site analyzed 
with all 49-weather data from the 3 climatic data scenarios, summary information along with their 
respective results and statistical analysis are also presented. 
 
4.1 Error Convergence Results 
 Five runs were made in MATLAB software for the two interpolation models following the 
methodology described in chapter 3 for error convergence analysis. The error (RMSE) results 
obtained from the models were plotted on the same axis with respect to the number of random 
points that generated the error (Figure 4.1). For the two interpolation models it was observed that 
as the number of random points increases the values of the RMSE decreased. This phenomenon 
can simply be explained, as the number of random points increase inside the bounded area [0,1], 
the closer are the random points to the interpolation points, since both models are a function of 




increase in number of random points but how fast the error decreases (converges). From Figure 
4.1, it can clearly be concluded that the RBF interpolation produces fast RMSE convergence than 
the gravity model. The two initial RMSE values corresponding to 300 and 600 random points show 
a closeness between the two interpolation models, a fast convergence was observed in the RBF 
model starting from the 600 random points going to 15,000 random points. The gravity model 
unlike the RBF model didn’t show a fast convergence however the RMSE decreased slowly with 
the increase in the random points. APPENDIX B shows the results obtained from four additional 
runs made following the same methodology and different random numbers (Ghasemi et al., 2021a; 
Ghasemi et al., 2021b). 
 




4.2  Gravity and RBF Interpolation Models Quality Comparison Results 
The quality comparison of the Interpolation models was performed using 49 MERRA data 
on the 3881 mesh points in the states of Tennessee as explained in the methodology. The 
results obtained from each of the interpolation models were presented as contour plots. The 
results were obtained for all the 5 temperature intervals as explained in chapter 3. Figure 4.2 
and Figure 4.3 shows the contours obtained from the interpolation using the 50,000th 
temperature values obtained from each of the 49 MERRA stations on the 3881 mesh points 
in the State of Tennessee using the gravity model and RBF model respectively.  Comparing 
the contour plots on Figure 4.2 and Figure 4.3, the contours produced by the RBF model 
appear to be smoother than those of the gravity model. The contours smoothness represents 
the relationship of the predicted output values. The gravity model interpolation results have 
a maximum temperature value of 72.85 °𝐹 and a minimum value of 57.45 °𝐹, while the RBF 
model interpolation values show a maximum temperature value of 73.41 °𝐹 and a minimum 
value of 55.89  °𝐹. With respect to the maximum and minimum values, the RBF results can 
be seen to have a wider range of temperature values having a higher maximum and lower 
minimum than the gravity model results. The RBF has a wider result range due to its faster 
convergence rate as compared to the gravity model as previous shown on Figure 4.1 and 
APPENDIX B. APPENDIX C shows more contour plots of the other temperature values 














4.3 Design Inputs for LTPP Sites 
Table 4.1 to Table 4.5 shows the pavement sections locations, structure, and traffic 
information obtained from the LTPP InfoPave website and as used in the PMED pavement distress 
analysis for the state of Tennessee. 
LTPP site 47 – C330 as shown on Table 4.1 represents a flexible pavement section on an 
Interstate flowing in the Northbound direction. The site elevation corresponding to the LTPP site 
is 1112.53 ft as observed in the PMED software. The pavement section consists of three 
construction layers: 5.3 in AC surface, 5.7 in AC base and a 6 in crushed stone subbase layer on 
an A-6 subgrade. 
 
Table 4.1 General Information for LTPP Site 47 – C330  
LTPP Section ID 47 - C330 
Latitude, Longitude (decimals degrees) 36.18, -84.1 
Elevation (ft.) 1112.53 
LTPP Lane AADTT 2673 
Direction of Travel Northbound 
Number of Lanes on LTPP Direction  2 
Functional Class Rural Principal Arterial - Interstate 
AC Surface Layer Thickness (in.) 5.3 
AC Base Layer Thickness (in.) 5.7 
Crushed Stone Subbase Layer (in.) 6 
Subgrade Layer A-6 




LTPP site 47 – 3104 as shown on Table 4.2 represents a flexible pavement section on a 
rural major collector r with a low truck traffic of 6 AADTT flowing in the Southbound direction. 
The site elevation corresponding to the LTPP site is 1259.08 ft as observed in the PMED software. 
The pavement section consists of two construction layers: 1.3 in AC surface and an 8.7 in crushed 
stone subbase layer on a A-4 subgrade. The water table for this section is very high compared to 
the other analyzed section with the water table at a depth of 1.45 ft from the ground surface.  
 
Table 4.2 General Information for LTPP Site 47 – 3104 
LTPP Section ID 47 - 3104 
Latitude, Longitude (decimals degrees) 36.24, -83.75 
Elevation (ft.) 1259.08 
LTPP Lane AADTT 6 
Direction of Travel Southbound 
Number of Lanes on LTPP Direction  1 
Functional Class Rural Major Collector 
AC Surface Layer Thickness (in.) 1.3 
Crushed Stone Base Layer (in.) 8.7 
Subgrade Layer A-4 







LTPP site 47 – 3075 as shown on Table 4.3 represents a flexible pavement section on a 
rural principal arterial with a low truck traffic of 38 AADTT flowing in the Southbound direction. 
The site elevation corresponding to the LTPP site based on the latitude and longitude coordinates 
is 1018.98 ft as observed in the PMED software. The pavement section consists of two construction 
layers: 5 in AC surface, and a 9.2 in crushed stone subbase layer on an A-4 subgrade. 
 
Table 4.3 General Information for LTPP Site 47 – 3075 
LTPP Section ID 47 - 3075 
Latitude, Longitude (decimals degrees) 36.06, -85.73 
Elevation (ft.) 1018.98 
LTPP Lane AADTT 38 
Direction of Travel Southbound 
Number of Lanes on LTPP Direction  1 
Functional Class Rural Principal Arterial - Other 
AC Surface Layer Thickness (in.) 5 
Crushed Stone Base Layer (in.) 9.2 
Subgrade Layer A-4 








LTPP site 47 – B330 as shown on Table 4.4 represents a flexible pavement section on a 
rural principal arterial with a low truck traffic of 38 AADTT flowing in the Southbound direction. 
The site elevation corresponding to the LTPP site based on the latitude and longitude coordinates 
is 1019.01 ft as observed in the PMED software. The pavement section consists of three 
construction layers: 1.8 in AC surface, 3.2 in AC base and a 9.2 in crushed stone subbase layer on 
an A-5 subgrade. 
 
Table 4.4 General Information for LTPP Site 47 – B330 
LTPP Section ID 47 - B330 
Latitude, Longitude (decimals degrees) 36.06, -85.73 
Elevation (ft.) 1019.01 
LTPP Lane AADTT 38 
Direction of Travel Southbound 
Number of Lanes on LTPP Direction  1 
Functional Class Rural Principal Arterial - Other 
AC Surface Layer Thickness (in.) 1.8 
AC Base Layer Thickness (in.) 3.2 
Crushed Stone Subbase Layer (in.) 9.2 
Subgrade Layer A-5 







 LTPP site 47 – 0602 as shown on Table 4.5 represents a JPCP rigid pavement 
section on an Interstate with traffic flowing Westbound. The site elevation corresponding to the 
LTPP site based on the latitude and longitude coordinates is 571.05 ft as observed in the PMED 
software. The pavement section consists of two construction layers: 8.9 in JPCP layer and a 6 in 
chemical stabilized base layer on a A-2-4 subgrade. 
 
Table 4.5 General Information for LTPP Site 47 – 0602 
LTPP Section ID 47 - 0602 
Latitude, Longitude (decimals degrees) 35.71, -88.64 
Elevation (ft.) 571.05 
LTPP Lane AADTT 3149 
Direction of Travel Westbound 
Number of Lanes on LTPP Direction  2 
Functional Class Interstate 
PCC Surface Layer Thickness (in.) 8.9 
Chemical Stabilized: Base Layer (in.) 6 
Subgrade Layer A-2-4 









4.4  Results 
PMED results are divided into two main groups; the first group shows the climatic 
summary results focusing on the climatic aspect of the data as presented by the PMED software, 
while the second group of results are the products of using the climatic files for distress predictions 
for the 5 LTPP sites in the state of Tennessee. 
 
4.4.1 Climatic Summary Results 
The climatic summary was obtained for all 49 climatic stations corresponding to existing 
MERRA station, PMED VWS and RBF VWS. The climatic summary outputs include mean annual 
air temperature, mean annual precipitation, freezing index, average annual number of freeze/ thaw 
cycles and number of wet days. APPENDIX D shows the climatic summary values in the order 
mentioned above for the interpolation methods (PMED and RBF) and the existing MERRA station 
values. 
 
4.4.2 Distress Prediction Results 
 Pavement distress predictions were obtained for both VWS climatic files and the existing 
MERRA files. Each of the 5 LTPP sites were analyzed using each of the 49 weather stations from 
the three scenarios. Therefore, each LTPP site had a total of 49 output files with respect to PMED 
VWS, RBF VWS and existing MERRA weather stations. 
 APPENDIX E includes the distresses predicted for each of the five pavement sections with 
respect to the existing MERRA, PMED VWS and RBF VWS climatic files. The distress results 
for the 4 flexible pavements include Terminal IRI, permanent deformation – total pavement, 




Distress predicted by the rigid pavement include terminal IRI, mean joint faulting and JPCP 
transverse cracking. 
 
4.5  Statistical Analysis 
4.5.1 Correlation Analysis 
4.5.1.1 Climatic Summary Correlation Analysis 
Mean Annual Air Temperature (℉) relationships between the VWS and the existing 
MERRA values are shown on Figure 4.4. Comparing the R- squared values, the RBF VWS 
relationship shows a strong correlation with the existing MERRA stations than PMED VWS which 
shows a moderate correlation, this implies that the mean annual air temperature values produced 
with the RBF model are much more similar to the existing MERRA values. The RBF’s interpolated 
values have less SEE, as observed on Figure 4.4 than PMED VWS values. This observation 
suggest that the RBF VWS mean annual air temperature values are closer to the existing MERRA 
values, than the PMED VWS.  
Figure 4.5 shows the existing MERRA, PMED and RBF VWS mean annual air temperature 










Figure 4.5 Mean Annual Air Temperature versus MERRA Station 






y = 1.0233x - 1.2294
R² = 0.654









































Existing MERRA Mean Annual Air Temperature (℉)
VWS Versus Existing MERRA (Mean Annual Air Temperature - °F) 






















































































































































































Figure 4.6 shows the relationship between the VWS mean annual precipitation values (in)  
and the existing MERRA values, appears to be more closely collected than the relationship 
between the RBF and the existing MERRA values. The R – square values of both VWS with the 
existing MERRA mean annual precipitation show very weak correlation. PMED VWS mean 
annual precipitation values have a lower SEE value compared to the RBF VWS mean annual 
precipitation. For this case, the PMED VWS data values have shown to be closer to the existing 
MERRA data in predicting mean annual precipitation. Figure 4.7 show the mean annual 
precipitation values of the existing MERRA, PMED VWS and RBF VWS with their respective 
representative MERRA site ID. 
 
Figure 4.6 VWS versus Existing MERRA Mean Annual Precipitation 
y = 0.0856x + 51.39
R² = 0.0132




y = 0.1228x + 48.758
R² = 0.0554
SEE =  1.5751









































Existing MERRA Mean Annual Precipitation ( in)
VWS Versus Existing MERRA (Mean Annual Precipitation - inches) 





Figure 4.7 Mean Annual Precipitation versus MERRA Station 
 
Figure 4.8 shows the relationship between the PMED VWS Freezing Index (℉ - days) 
values and RBF VWS values with existing MERRA values, respectively. The R2 on Figure 4.8 for 
PMED relationship is lower than that of the RBF. This observation is due outliers from the other 
data trend. The lower PMED’s R2 suggests the RBF relationship value are a better representation, 
however both values are considered to be moderately correlated to the existing MERRA values. 
The SEE values for the PMED model are more than twice those the RBF model, this shows that 
the RBF model values are closer to the existing MERRA data than the PMED VWS model values. 
Figure 4.9 show the freezing index values of the existing MERRA, PMED VWS and RBF VWS 


























































































































































































Figure 4.8 VWS versus Existing MERRA Freezing Index 
 
 
Figure 4.9 Freezing Index versus MERRA Station 
y = 0.765x + 30.492
R² = 0.781




y = 1.3668x - 51.506
R² = 0.6172
SEE =  50.2992































Existing MERRA Freezing Index (℉ - days)
VWS Versus Existing MERRA  (Freezing Index - ℉- days) 























































































































































































From Figure 4.10 the PMED VWS models’ Average Annual Number of Freeze/Thaw 
Cycles values, mostly lie below the equity line suggesting under prediction of the PMED VWS 
model on the average number of freeze/ thaw cycles. This can clearly be observed on Figure 4.11 
where most of the PMED VWS annual number of freeze/ thaw cycle values are below the existing 
MERRA value line. Most of RBF VWS annual number of freeze/ thaw cycles values (Figure 4.10) 
are also below the equity line but are much closer to it than the PMED VWS values, this can also 
be observed on Figure 4.10. R – square value for the RBF VWS suggest a strong correlation while 
the PMED VWS values suggest a weak correlation when compared to the existing annual number 
of freeze/ thaw cycle values. The RBD model VWS average annual number of freeze/ thaw cycle 
values have a lower SEE value than the PMED model VWS values suggesting more closeness to 
the existing MERRA data. 
 
Figure 4.10 VWS versus Existing MERRA Average Annual Number of Freeze/Thaw Cycles 


















































Existing MERRA Average Annual Number of Freeze/Thaw Cycles
VWS Versus Existing MERRA  (Average Annual Number of 
Freeze/Thaw Cycles)





Figure 4.11 Average Annual Number of Freeze/Thaw Cycles versus MERRA Station 
The relationship of the number of wet days between the existing MERRA, PMED VWS, 
and RBF VWS are presented on Figure 4.12. As observed on Figure 4.12, PMED VWS values are 
all below the line of equity meaning the PMED VWS model under predicts number of wet day 
values (Figure 4.6). The RBF values are above the equity line showing higher prediction for 
number of wet days as observed on Figure 4.12. The R2 value for the RBF model suggests a strong 
correlation while the PMED VWS R2 suggest a moderate correlation. The SEE value for the RBF 
VWS model is less compared to the PMED VWS value, this showing that the RBF VWS values 
have a better accuracy in predicting the number of wet days than the PMED model. 
Figure 4.13 shows the number of wet days values of the existing MERRA, PMED VWS 

































































































































































































Figure 4.12 PMED VWS versus Existing MERRA Number of Wet Days 
 
 
Figure 4.13 Number of Wet Days versus MERRA Station 
y = 0.6313x + 137.06
R² = 0.8199




y = 0.9506x - 29.224
R² = 0.6912
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Table 4.6 shows the correlation statistics summary interpretation for the climate summary 
data. From Table 4.6, the RBF VWS climate summary R2 values corresponding to mean annual 
air temperature, mean number of freeze/thaw cycles and number of wet days predicted better fit 
(strong correlation) than the PMED VWS.  The mean annual precipitation for both VWS models 
resulted to very weak correlation. The SEE values of the RBF VWS climate summary suggest 
better accuracy than the PMED VWS with exception of mean annual precipitation values. 
 
Table 4.6 Correlation Analysis Summary for the Climate Summary Data 
 R2 SEE 
Climate Summary PMED RBF PMED RBF 
Mean annual air temperature (℉ ) Moderate Strong 1.6252 0.6594 
Mean annual precipitation (in) Very Weak Very Weak 1.5751 2.2970 
Freezing Index (℉ - days) Moderate Moderate 50.2992 18.9322 
Mean Annual No. of Freeze/Thaw Cycles Weak Strong 7.3403 2.7310 










4.5.1.2 Distress Prediction Correlation Analysis 
Table 4.7 to Table 4.11 show the correlation statistics comparing the distresses predicted 
on LTPP sites using the VWS models and the existing MERRA stations data. The RBF model data 
show less variation than the PMED model data when used to predict the rigid pavement distress 
values, as shown by its greater R2 values on Table 4.7 where all distresses suggest weak correlation 
with RBF VWS and very weak correlation with PMED VWS. The distresses predicted by the RBF 
VWS are closer to those predicted by existing MERRA data, for the LTPP site 47-0602 rigid 
pavement as compared to PMED VWS model predictions. This can be explained by the RBF 
model having lower SEE values and having a better fit (higher R2) than the PMED VWS climatic 
data. 
 
Table 4.7 Correlation Analysis Results for LTPP site 47-0602 Distresses 
 R2 SEE 
PMED RBF PMED RBF 
Terminal IRI 0.0791 0.5182 12.6702 5.3624 
Mean Joint Faulting 0.0933 0.5668 0.0198 0.0105 
JPCP Transverse Cracking 0.3781 0.5839 4.3480 4.1114 
 
Distresses predicted for LTPP site 3075 flexible pavement section suggest a better fit with 
the RBF VWS data based on its high R2 values as observed on Table 4.8. All PMED VWS R2 
values with exception of top-down cracking suggested a very weak correlation when compared to 
existing MERRA distresses. RBF VWS had better correlation strength than the PMED VWS in all 
distresses except for bottom-up cracking, and top-down cracking, where the correlation strengths 




MERRA data than the PMED VWS (Table 4.8). Identical values were observed for top-down 
cracking, as obtained from the VWS models and the existing MERRA station data suggesting a 
perfect correlation.  
 
Table 4.8 Correlation Analysis Results for LTPP site 47-3075 Distresses 
 R2 SEE 
PMED RBF PMED RBF 
Terminal IRI 0.4347 0.6474 4.4922 4.2567 
Permanent Deformation – Total Pavement 0.2564 0.5081 0.0075 0.0062 
Bottom-Up Cracking 0.227 0.4363 0.0107 0.0101 
Thermal Cracking 0.4878 0.7168 590.758 539.447 
Top-Down Cracking 1 1 0 0 
Permanent Deformation – AC only 0.295 0.5016 0.0052 0.0045 
 
On comparing the distresses predicted using the existing MERRA stations for LTPP site 
47-3104 flexible pavement section, the RBF VWS predicted distresses values appeared to have 
closer (low SEE) values and less variation in the prediction of total pavement permanent 
deformation (Table 4.9). The R2 values status for both VWS predictions were identical where; 
bottom-up cracking, top-down cracking, and AC permanent deformation had perfect correlation, 
total pavement permanent deformation had weak correlation, and terminal IRI, and thermal 
cracking had very weak correlation. Based on the SEE values, PMED VWS had closer thermal 
cracking and terminal IRI predictions (Table 4.9) to the existing MERRA predicted distresses on 








Table 4.9 Correlation Analysis Results for LTPP site 47-3104 Distresses 
 R2 SEE 
PMED RBF PMED RBF 
Terminal IRI 0.2651 0.0602 3.6465 8.4225 
Permanent Deformation – Total Pavement 0.5146 0.5766 0.0043 0.0039 
Bottom-Up Cracking 1 1 0 0 
Thermal Cracking 0.3411 0.4902 470.55 531.51 
Top-Down Cracking 1 1 0 0 
Permanent Deformation – AC only 1 1 0 0 
 
The RBF VWS model had higher R2 values than PMED VWS model with all distresses 
except for bottom-up cracking and top-down cracking where both models had identical values 
(Table 4.10). With respect to the strength of correlation, RBF VWS had a higher correlation 
strength with terminal IRI values, very weak correlation strength with bottom-up cracking, total 
pavement, and AC permanent deformation, moderate correlation with thermal cracking and 
showed perfect correlation strength with top-down cracking. The RBF VWS model also showed 
more closeness (lower SEE) to the existing MERRA predicted distresses than PMED model in all 
distresses, except for total pavement deformation where there is a slight difference, and bottom-










Table 4.10 Correlation Analysis Results for LTPP site 47-B330 Distresses 
 R2 SEE 
PMED RBF PMED RBF 
Terminal IRI 0.5961 0.6672 4.4367 4.3226  
Permanent Deformation – Total Pavement 0.3023 0.4044 0.0076 0.0078 
Bottom-Up Cracking 1.0e-10 1.0e-10 1.1e-15 1.1e-15 
Thermal Cracking 0.6228 0.7257 588.258 544.599 
Top-Down Cracking 1 1 0 0 
Permanent Deformation – AC only 0.2782 0.4717 0.0065 0.0059 
 
For the LTPP flexible pavement site 47-C330, all the RBF VWS distress data show more 
closeness (less SEE), and fit (less variations) when compared to the existing MERRA distresses 
data than the PMED VWS (Table 4.11). Considering the strength of variation; terminal IRI, and 
thermal cracking showed a very strong correlation with RBF VWS and a moderate correlation 
with PMED VWS. All the remaining distresses showed similar correlation strength of very weak, 
for both VWS models. 
 
Table 4.11 Correlation Analysis Results for LTPP site 47-C330 Distresses 
 R2 SEE 
PMED  RBF PMED RBF 
Terminal IRI 0.7145 0.9034 3.9435 2.4720 
Permanent Deformation – Total Pavement 0.2884 0.4230 0.0124 0.0116 
Bottom-Up Cracking 0.1858 0.3751 2.0924 1.8514 
Thermal Cracking 0.7068 0.9113 584.4 344.1215 
Top-Down Cracking 0.1066 0.4103 0.0058 0.0039 





4.5.2 Hypothesis Testing 
After assessing the accuracy of the two VWS model climatic summaries by considering 
their R2 and SEE values, hypothesis testing was performed to check if there was a significant 
difference between the VWS models’ outputs and the existing MERRA outputs climatic 
summaries. The hypothesis test used was mostly dependent on the normality of the existing 
MERRA climatic summary data as explained in the methodology.  
 
4.5.2.1 Climatic Summary Hypothesis Testing 
Hypothesis testing was performed on climatic summary outputs comparing the PMED and 
RBF VWS models with the existing MERRA climatic summary data. To determine the normality 
of the data Q-Q plots were used for each of the climatic summary parameter considering all three 
climatic data. From the climatic summary Q-Q plots (Figure 4.14) it can be observed that, the 
existing MERRA climatic summary does not follow a normal distribution with all climatic 
summary parameters except for mean annual precipitation. PMED VWS climatic summary data 
does not follow the normal distribution with all climatic summary parameters except for number 
of wet days. RBF VWS climatic summary was not normally distributed with freezing index and 
number of wet days and was normally distributed with mean annual air temperature, mean annual 
precipitation, and mean annual number of freeze/thaw cycles. 
From the observation, only the mean annual precipitation of both the existing MERRA and 
RBF VWS climatic summary followed the normal distribution. Mean annual precipitation climatic 
summary with respect to RBF VWS was tested using the t-test while the remaining climatic 
summary parameters were tested with the Wilcoxon rank rum test. Table 4.12 shows the p-values 




Table 4.12, both RBF VWS and PMED VWS show a significant difference (p-value < 0.05) in the 
number of wet days when compared to the existing MERRA stations. From Figure 4.12 and Figure 
4.13 the difference between the VWS’s and the existing MERRA number of wet days can clearly 
be observed. Both VWS models’ values are far away from the line of equity. The PMED VWS 
also shows a significant difference (p-value < 0.05) in the mean annual number of freeze/ thaw 
cycles. The PMED VWS mean annual number of freeze/thaw values as previously shown on 
Figure 4.10 and Figure 4.11 are scattered away from the line of equity. 
 
Table 4.12 Hypothesis Analysis Results for Climatic Summary 
   P - Value 
Climate Summary PMED RBF 
Mean annual air temperature (℉ ) 0.3373 0.8757 
Mean annual precipitation (in) 0.5224 0.7213 
Freezing Index (℉ - days) 0.2111 0.7038 
Mean Annual Number of Freeze/Thaw Cycles 0.0005 0.2865 
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4.5.2.2 Distress Prediction Hypothesis Testing 
As shown on Figures 4.15 to 4.19, Q-Q plots are used to check the normality of the five 
pavements predicted distresses with respect to the VWS models and existing MERRA climatic 
data. Table 4.13 to 4.17 show the p-values of distress predictions of the two VWS models when 
compared to the existing MERRA stations distresses. 
For LTPP site 47-0602 rigid pavement, terminal IRI for both existing MERRA and RBF 
VWS appeared to be normally distributed as observed on Figure 4.15. PMED VWS’s terminal IRI, 
mean joint faulting and JPCP transverse cracking for all three datasets, did not follow a normal 
distribution. For the normal distributed terminal IRI comparison, the t-test was used while the 
Wilcoxon rank sum test was used for the non-normal distributed comparison combinations. 
On the distress prediction analysis on LTPP site 47-0602, both VWS models showed a 
significant difference (p-value < 0.05) in the prediction of the JPCP transverse cracking when 
compared to the existing MERRA distress (Table 4.13). 
 
Table 4.13 Hypothesis Analysis Results for LTPP Site 47-0602 Distresses 
 P - Value 
PMED RBF 
Terminal IRI 0.0915 0.9342 
Mean Joint Faulting 0.1935 0.1326 






























































Distresses predicted for LTPP site 47-3075 using the VWS and existing MERRA datasets 
did not follow a normal distribution as observed on the Q-Q plots on Figure 4.16. The Wilcoxon 
rank sum test was used in the hypothesis test to determine the significant difference between the 
two VWS predicted distress results and those from the existing MERRA. 
The LTPP flexible pavement site 47-3075 distress results showed no significant difference 
(p-value > 0.05) when comparing the RBF’s VWS distresses to the existing MERRA station 
distresses (Table 4.14). PMED’s VWS distresses showed a significant difference (p-value < 0.05) 
on the bottom-up cracking, and AC only permanent deformation distresses, when compared to the 
existing MERRA predicted distresses. This can be linked to the very weak correlation of the two 
PMED VWS distresses as previously observed on Table 4.8. 
 
Table 4.14 Hypothesis Analysis Results for LTPP Site 47-3075 Distresses 
 P - Value 
PMED RBF 
Terminal IRI 0.6544 0.9632 
Permanent Deformation – Total Pavement 0.0619 0.0906 
Bottom-Up Cracking 0.0329 0.1212 
Thermal Cracking 0.2192 0.7013 
Top-Down Cracking 1 1 
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The Q-Q plots for LTPP site 47-3104 as shown on Figure 4.17, shows all predicted 
distresses with respect to the climatic data used (VWS or existing MERRA) did not follow a 
normal distribution. The normality of the data as seen on the Q-Q plots were affected by the 
similarity of values obtained from the distress prediction analysis. The similarity of results was 
observed with bottom-up cracking, top-down cracking and AC permanent deformation. The 
Wilcoxon rank sum test was used on performing the hypothesis testing for LTPP site 47-3104. 
LTPP flexible pavement site 47-3104, showed no significant difference (p-value > 0.05) 
between the VWS models and the existing MERRA stations in its distress’s prediction (Table 
4.15). These observations can be explained by the similarity in distresses predicted when using the 
three climatic datasets (PMED, RBF and existing MERRA).  
 
Table 4.15 Hypothesis Analysis Results for LTPP Site 47-3104 Distresses 
 P - Value 
PMED RBF 
Terminal IRI 0.6089 0.5554 
Permanent Deformation – Total Pavement 0.4038 0.6562 
Bottom-Up Cracking 1 1 
Thermal Cracking 0.2698 0.6746 
Top-Down Cracking 1 1 
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Q-Q plots for the pavement distresses generated for LTPP site 47-B330, using the two 
VWS models and the existing MERRA climatic data did not follow the normal distribution (Figure 
4.18). The Wilcoxon rank Sum test was used for the hypothesis test to compare predicted distresses 
for LTPP site 47-B330. 
From the Table 4.16, the RBF VWS model distresses of the flexible pavement on LTPP 
site 47-B330 showed no significant difference (p-value > 0.05) from the existing MERRA data 
distresses. The PMED VWS data show a significant difference (p-value < 0.05) in the prediction 
of the AC permanent deformation. AC permanent deformation as previous observed on Table 4.10 
showed a very weak correlation to the existing MERRA. 
 
Table 4.16 Hypothesis Analysis Results for LTPP Site 47-B330 Distresses 
 P - Value 
PMED RBF 
Terminal IRI 0.7304 0.9236 
Permanent Deformation – Total Pavement 0.0851 0.1245 
Bottom-Up Cracking 1 1 
Thermal Cracking 0.2983 0.7354 
Top-Down Cracking 1 1 
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LTPP site 47-C330 Q-Q plots as seen on Figure 4.19 shows all six pavements’ distresses 
prediction data from the three climatic datasets did not follow a normal distribution. The Wilcoxon 
test was thus used for the hypothesis testing. 
The RBF VWS model distresses results showed no significant difference (p-value > 0.05) 
when compared to the distresses predicted by the existing MERRA stations (Tables 4.17). The 
PMED VWS distresses showed a significant difference (p-value < 0.05) on its total pavement 
permanent deformation, and AC only permanent deformation predictions (Tables 4.17). Both AC 
and total pavement permanent deformations showed very weak correlation strength as previous 
observed (Table 4.11) 
 
Table 4.17 Hypothesis Analysis Results for LTPP Site 47-C330 Distresses 
 P - Value 
PMED RBF 
Terminal IRI 0.4139 0.2368 
Permanent Deformation – Total Pavement 0.0234 0.0552 
Bottom-Up Cracking 0.1404 0.1275 
Thermal Cracking 0.6162 0.9858 
Top-Down Cracking 0.4969 0.3103 




















































































































When analyzing the accuracy of both the Gravity model and RBF model in interpolation, 
it was observed that the RBF model converges very quickly with respect to increase in number of 
interpolation data sources. The gravity model showed a very slow decrease in its RMSE as the 
number of interpolation data were increased. To demonstrate the influence of the interpolation 
accuracy 3881 meshed points in the State of Tennessee were used as interpolation points while 
using temperature climatic data from 49 MERRA station as data sources. The resulting contours 
derived from the 3881 interpolation results showed the RBF model having smooth and well-
defined contours than those produced by the gravity model. It was also observed that the RBF 
model had a wider range for the predicted interpolated temperature values than the gravity model. 
The implication of lower range of prediction can have a significant impact in pavement design and 
other gravity model applications. 
The climatic summary correlation analysis showed the RBF VWS model data having better 
fit and accuracy than PMED VWS model data with exception of the mean annual precipitation. 
Hypothesis testing on the climatic summary data comparing the existing MERRA to the VWS 
models, showed both RBF VWS and PMED VWS having a significant difference when dealing 
with the number of wet days datasets. The PMED VWS also shows a significant difference in its 




The rigid pavement distress data goodness of fit statistics showed the RBF VWS model 
having a better fit and accuracy for all distresses than the PMED VWS model. The hypothesis 
testing showed a significant difference for both RBF VWS and PMED VWS when comparing the 
JPCP transverse cracking. 
For flexible pavements at LTPP site 47-3075 and LTPP site 47-C330, the RBF VWS model 
distress data had a better fit and accuracy than the PMED VWS model. For the flexible pavement 
at LTPP site 47-B330 the RBF VWS model showed better fit for all distresses except; bottom-up 
cracking and top-down cracking where similar values are observed. The RBF VWS model also 
showed higher accuracy except for total pavement permanent deformation. For the flexible 
pavement at LTPP site 47-3104 the RBF VWS model had a better fit with total pavement 
permanent deformation and thermal cracking and a better accuracy with total pavement permanent 
deformation. The PMED VWS model had better fit and accuracy for terminal IRI predictions. 
For all analyzed flexible pavements the RBF VWS model distresses predicted showed no 
significant difference. The PMED VWS model showed significant difference in all flexible 
pavement except with LTPP site 47-3104 on AC only permanent deformation predictions. PMED 
VWS shows a significant difference in bottom-up cracking for LTPP site 47-3075 and total 









The aim of this thesis was to explore a different interpolation method in the creation of 
VWS for used in the PMED software. The assessment was done on PMED generated climatic 
summaries and pavement distress predictions. Through the thesis it was determined that the RBF 
VWS model was mostly close and had less variation as compared to the current PMED VWS 
model when comparing their climatic summaries and pavement distresses to the existing MERRA 
values. 
With these observations the following are recommended: 
i. More analysis should be performed involving more climatic data and a larger geographic 
coverage as it was observed the RBF model performs better with increase in number of 
interpolation data. This study only involved 8 MERRA climatic data stations to 
interpolated at the midpoint for comparison reasons. Further studies can be done on using 
all the existing MERRA station to interpolate at the required VWS desired point. 
ii. More pavement sections with different and comparable properties should be studied when 
using the VWS data. Different pavement sections with different and same properties such 
as traffic information, pavement cross sections and other design parameters should be 
studied to determine the sensitivity/ performance of the VWS with respect to the changing 
pavement section and other PMED inputs. A study should also be conducted to different 
pavement conditions such as non-rehabilitated and rehabilitated pavement sections. In this 
study 5 LTPP sites were used to represent the non-rehabilitated flexible pavement for the 
state of Tennessee. (Only 5 stations were used in this thesis). 
iii. This study considered the influence of the gravity model and RBF model interpolation 




the weather stations and the VWS but did not involve the influence of elevation on the final 
VWS interpolation product. Further studies are to be performed to investigate the influence 
of including elevation values in the VWS output. 
iv. This study considered Gaussian as the RBF kernel, as it was discussed in the literature 
review the kernels contain shape parameters that can be tuned to obtain better quality. 
Further studies should be performed on determining a shape parameter that can produce 
the best VWS interpolation output with respect to the methodology adopted for VWS 
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MERRA ID State Location Coordinates Station Elevation 
138385 Tennessee Memphis 35,-90 337.84 
138386 Tennessee Moscow 35,-89.375 390.32 
138387 Tennessee Pocahontas 35,-88.75 518.24 
138388 Alabama Waterloo 35,-88.125 718.32 
138389 Alabama Killen 35,-87.5 698.64 
138390 Tennessee Ardmore 35,-86.875 656 
138391 Tennessee Huntland 35,-86.25 951.2 
138392 Tennessee Jasper 35,-85.625 783.92 
138393 Tennessee Apison 35,-85 954.48 
138394 Tennessee Copperhill 35,-84.375 1610.48 
138961 Tennessee Drummonds 35.5,-90 232.88 
138962 Tennessee Stanton 35.5,-89.375 288.64 
138963 Tennessee Pinson 35.5,-88.75 537.92 
138964 Tennessee Decaturville 35.5,-88.125 593.68 
138965 Tennessee Hohenwald 35.5,-87.5 793.76 
138966 Tennessee Lewisburg 35.5,-86.875 715.04 
138967 Tennessee Normandy 35.5,-86.25 947.92 
138968 Tennessee McMinnville 35.5,-85.625 1679.36 
138969 Tennessee Dayton 35.5,-85 803.6 
138970 Tennessee Madisonville 35.5,-84.375 970.88 
138971 North Carolina Robbinsville 35.5,-83.7 5 2292.72 
138972 North Carolina Maggie Valley 35.5,-83.125 4569.04 
139538 Tennessee Dyersburg 36,-89.375 272.24 
139539 Tennessee Milan 36,-88.75 492 
139540 Tennessee Camden 36,-88.125 429.68 
139541 Tennessee Dickson 36,-87.5 741.28 
139542 Tennessee Franklin 36,-86.875 738 
139543 Tennessee Milton 36,-86.25 760.96 
139544 Tennessee Sparta 36,-85.625 931.52 
139545 Tennessee Crossville 36,-85 1777.76 
139546 Tennessee Oliver Springs 36,-84.375 957.76 
139547 Tennessee Knoxville 36,-83.75 1111.92 
139548 Tennessee Parrottsville 36,-83.125 1197.2 
139549 Tennessee Erwin 36,-82.5 4155.76 
139550 North Carolina Newland 36,-81.875 3686.72 
140114 Kentucky Hickman 36.5,-89.375 288.64 
140115 Tennessee Martin 36.5,-88.75 498.56 
140116 Kentucky Buchanan 36.5,-88.125 406.72 
140117 Tennessee Woodlawn 36.5,-87.5 439.52 
140118 Tennessee Springfield 36.5,-86.875 662.56 
140119 Tennessee Bethpage 36.5,-86.25 790.48 
140120 Tennessee Moss 36.5,-85.625 915.12 
140121 Tennessee Jamestown 36.5,-85 1708.88 
140122 Tennessee Oneida 36.5,-84.375 2220.56 
140123 Tennessee Speedwell 36.5,-83.75 1551.44 
140124 Tennessee Sneedville 36.5,-83.125 1672.8 
140125 Tennessee Kingsport 36.5,-82.5 1443.2 

































Figure B1: RBF and Gravity Interpolation Error Convergence 2nd Run 
 
 





Figure B3: RBF and Gravity Interpolation Error Convergence 4th Run 
 
 































































Figure C3: Gravity Model Contours from the 100,000th Temperature Values. 
 
 






Figure C5: Gravity Model Contours from the 150,000th Temperature Values. 
 
 






Figure C7: Gravity Model Contours from the 200,000th Temperature Values. 
 
 

































MERRA Station ID Mean Annual Air 
Temperature 
Mean Annual Precipitation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 61.1 61.3 61.5 54.1 54.6 54.4 
138386 61 60.9 60.6 55.3 55 55.6 
138387 60.6 60.5 60.6 56.1 57.6 56.4 
138388 59.8 60.4 60.5 57.2 56.5 56.7 
138389 59.8 59.6 59.7 57.1 58.8 57.2 
138390 60.1 59.5 59.6 57.4 56.5 57.3 
138391 59.4 59.1 59.1 57.5 58.3 57.6 
138392 60.1 58.6 58.2 56.3 57.5 59.7 
138393 59.4 58.6 59.5 57.7 57.2 52.8 
138394 57 57.9 57 57.7 59.7 60.3 
138961 60.7 60.6 60.7 52.6 52.7 52.8 
138962 60.5 60.1 60.2 54.1 54.6 53.3 
138963 60 59.8 59.6 55.1 55.4 56.5 
138964 59.6 59.7 59.8 56.4 57.7 55.8 
138965 58.8 59 58.8 56 56 59 
138966 59.1 58.8 58.7 56.5 57 56.2 
138967 58.3 58.4 58.4 56.8 56.9 57.1 
138968 55.7 57.8 57.2 57.4 58.8 58.1 
138969 59 57.8 58.1 56.8 56.3 59.6 
138970 58.5 56.9 58.5 58.3 60.9 52.3 
138971 55 55.9 54.7 57.2 56.7 62.2 
138972 59.8 54.9 53.3 51.6 59.2 59.3 
139537 59.8 59.6 59.7 51.6 51.9 50.9 
139538 59.7 59.5 59.5 53 52.6 52.6 
139539 59 59 59 54.4 55.7 55.2 
139540 59.3 59.2 59.3 55.7 55 56.4 
139541 58.1 58.4 58.5 56 56.8 55 
139542 58.2 58.4 58.5 56.5 55.1 54.6 
139543 58.3 58 58.4 56.5 56.8 55.8 
139544 58.2 57 57.3 57.4 59.3 56.1 
139545 55.5 57.3 55.7 56.1 56.6 61.7 
139546 58.4 57 57.4 56.4 54.9 55.2 
139547 58.9 56 57.5 56 56.9 49.4 
139548 59.2 54.7 55.7 55.7 56 51.6 
139549 48.5 54.7 53.6 55.7 53 59.5 
139550 49.7 54.4 53.3 54.7 58.5 60.6 
140114 58.7 58.6 58.8 52.4 52.4 51.7 
140115 58.1 58.4 58.2 53.7 54.4 54.6 
140116 58.5 58.4 58.6 54.7 55.5 55.5 
140117 58.6 57.9 57.8 55 55.2 55.6 
140118 57.7 57.7 57.7 55.4 56 56.1 
140119 57.4 57.7 57.4 55.7 56.4 58.3 
140120 57.4 57 57.3 56.7 55.7 56.6 
140121 55 55.8 56.3 56.6 60.7 53.7 
140122 53.3 56.7 55.5 54.8 54.1 58.3 
140123 55.7 56.2 56.2 54 54 55.2 
140124 56 55.4 55.5 54.3 51.8 54.9 
140125 58.3 53.3 55.1 56.7 60.7 47.8 






MERRA Station ID Freezing Index Average Annual Number of Freeze/Thaw Cycles 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 87.4 87.2 87.9 52.3 52.1 52.5 
138386 86.5 88.4 94.9 52.4 54.3 56.1 
138387 86 90.8 87.8 53.3 55.3 58.3 
138388 94.9 81.9 82.3 56.1 56.2 55.6 
138389 91 93 92.5 55.5 57.1 59.4 
138390 84.3 96.9 97 52.9 58 58.5 
138391 91.5 101.5 104.3 55.3 57.3 59.3 
138392 71.3 97.2 104 50.1 59.7 64.1 
138393 72.5 85.7 72.1 52.8 60 58.6 
138394 105.8 90.4 114.1 62.8 62.2 67.8 
138961 101.1 106.2 106.3 54.7 56.2 57 
138962 104.4 114.5 114.4 54.6 57.5 58.5 
138963 109.7 114.3 119.7 56.5 60 61.2 
138964 109.8 109.8 108.8 57.5 57.7 61.8 
138965 123 117.1 120.6 60.1 62.3 64.8 
138966 113.9 122.9 126.7 57.7 60.3 61.9 
138967 126 127.4 132.7 60.4 60.8 61.6 
138968 186.1 125.9 143.1 69.2 63 64.5 
138969 91 116.5 106.9 54.7 63.4 66.3 
138970 90.6 127.1 97.6 55.4 69.6 65.2 
138971 164 140.1 180.1 72.1 68.5 74.6 
138972 125.7 153.2 204.5 58.2 72.6 81.3 
139537 125.7 129.7 130.3 58.2 60.1 60.8 
139538 131.3 139.3 137.8 57.8 58.4 60.2 
139539 145.7 145.5 148.7 59.3 61.9 63.2 
139540 132.3 137.8 137.5 58.8 60.7 62.1 
139541 155.5 144.5 143.4 63.3 64.6 66.5 
139542 147.7 145.1 144.9 62.8 62.7 63.6 
139543 137.2 151.2 141.9 60.2 63.2 63 
139544 130.4 160.6 155.7 58.9 68.5 66.5 
139545 193.6 140 184.8 69.7 65.3 75.4 
139546 106.1 138.5 126 56.6 67.3 72 
139547 90.2 160.4 127.3 53.6 71.4 66 
139548 81.3 184.7 165.7 49.5 73.7 71.9 
139549 470.4 180.7 224.8 96.9 76.4 80.2 
139550 390.1 179.2 216.1 97.3 78.8 87.1 
140114 165.6 171.8 171.8 63 64 62.7 
140115 185.5 180.8 184.4 63 63.5 66.3 
140116 168.2 176.6 175.4 62.2 62.7 61.8 
140117 162.2 178.5 181.2 60.9 66 68.9 
140118 175.9 179.2 180 65 66.8 67.4 
140119 178.4 172.7 180.2 65.2 65.4 68 
140120 166.8 181.2 171.4 63.7 68 67.9 
140121 230.8 199 190.8 72.1 70.6 72.3 
140122 288.7 161.7 194.5 79.2 71.2 78.5 
140123 182.7 171.3 170.7 71.5 72.1 75.6 
140124 167.7 189.4 181.9 69.5 74.7 77 
140125 105.4 255.2 198.3 51.8 81.7 78.3 



































MERRA Station ID Number of Wet Days 
PMED RBF EXISTING  
138385 226.3 305.1 268.6 
138386 228.6 305.1 274.4 
138387 231.9 310.8 273.9 
138388 234 312.9 276.8 
138389 237.7 314 282.2 
138390 240.9 313.9 285.3 
138391 242.9 318.4 286.1 
138392 241.2 321.7 292.9 
138393 244.8 324.2 291.3 
138394 247.8 324.4 285.2 
138961 224.9 305.1 269.6 
138962 227.5 305.6 270 
138963 229.8 309.3 271.2 
138964 233.6 312.2 280.4 
138965 236.2 313.3 285.6 
138966 239.7 314.2 287.2 
138967 243.6 317.6 287.7 
138968 245.1 322 291.2 
138969 246.2 325 292.6 
138970 251.9 326.6 285.5 
138971 256 323.5 295.3 
138972 224 322.2 301.1 
139537 224 306.5 270.1 
139538 226.9 306.3 267.8 
139539 229 310 267.6 
139540 234.2 312.7 279.2 
139541 237.3 314.9 284.8 
139542 240.9 315.3 286.9 
139543 244.7 317.2 287.6 
139544 247.9 321 289.6 
139545 248.7 324.4 290.7 
139546 252.2 326 294.9 
139547 256.3 326.2 294.9 
139548 261.2 324.6 295 
139549 261 324.7 300.9 
139550 257.7 322.6 296.4 
140114 226.6 307 267.3 
140115 230.2 310.7 269.7 
140116 233.1 311.6 277.6 
140117 236.1 313.5 284.5 
140118 239 314.7 286.7 
140119 243.4 317.1 288.3 
140120 247.9 317.9 289.9 
140121 249.9 323.4 288.5 
140122 252.7 325.3 295.2 
140123 254.9 325.2 297.8 
140124 259 325.2 297 
140125 265.3 326.3 295.6 


































MERRA Station ID Terminal IRI Mean Joint Faulting 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 180.51 183.06 182.19 0.15 0.16 0.16 
138386 179.64 183.85 183.91 0.15 0.15 0.15 
138387 179.5 183.18 184.59 0.15 0.16 0.13 
138388 180.19 175.36 193.93 0.15 0.13 0.14 
138389 180.31 185 184.04 0.15 0.15 0.15 
138390 179.58 185.33 186.11 0.15 0.16 0.16 
138391 180.73 186.64 187.98 0.15 0.16 0.16 
138392 175.18 182.99 184.02 0.14 0.14 0.13 
138393 170.33 174.59 182.05 0.12 0.12 0.13 
138394 174.24 172.61 160.57 0.12 0.12 0.09 
138961 184.07 188.61 187 0.16 0.17 0.16 
138962 183.58 188.22 187.7 0.16 0.16 0.16 
138963 184.5 187.93 188.03 0.16 0.16 0.16 
138964 183.58 188.13 183.91 0.15 0.15 0.12 
138965 186.68 187.19 189.2 0.16 0.16 0.14 
138966 184.73 189.08 189.55 0.16 0.16 0.16 
138967 186.86 189.82 190.21 0.16 0.16 0.16 
138968 195.08 187.61 188.32 0.17 0.15 0.14 
138969 174.52 182.07 183.41 0.12 0.13 0.13 
138970 172.68 178.2 164.68 0.13 0.13 0.09 
138971 179.27 180.65 189.35 0.13 0.14 0.13 
138972 190.67 185.2 174.36 0.17 0.14 0.11 
139537 190.67 194.3 193.47 0.17 0.17 0.17 
139538 189.31 194.38 191.78 0.17 0.17 0.17 
139539 191.37 194.21 192.86 0.17 0.17 0.17 
139540 187.54 192.58 197.16 0.16 0.16 0.15 
139541 192.31 193.1 193.6 0.16 0.16 0.14 
139542 190.3 193.61 193.37 0.16 0.17 0.17 
139543 187.7 194.1 192.47 0.16 0.17 0.17 
139544 185.41 192.55 193.31 0.15 0.16 0.14 
139545 188.31 186.4 174.77 0.14 0.14 0.11 
139546 175.46 177.32 183.8 0.13 0.13 0.13 
139547 171.98 190.56 188.83 0.12 0.15 0.16 
139548 172.48 183.41 192.95 0.13 0.14 0.15 
139549 232.41 202.83 180.16 0.21 0.17 0.12 
139550 232.54 193.18 191.06 0.21 0.15 0.13 
140114 197.18 201.44 199.8 0.18 0.18 0.18 
140115 200.04 202.05 200.88 0.18 0.18 0.18 
140116 195.02 200.92 201.94 0.17 0.18 0.18 
140117 193.77 199.75 201.02 0.17 0.17 0.17 
140118 195.92 200.09 200.49 0.17 0.18 0.18 
140119 195.84 198.52 199.67 0.17 0.18 0.18 
140120 192.33 197.58 199.89 0.17 0.17 0.16 
140121 198.89 195.05 194.29 0.17 0.16 0.14 
140122 204.81 182.06 174.27 0.17 0.14 0.11 
140123 185.91 192.34 187.87 0.14 0.16 0.13 
140124 185.61 195.48 194.04 0.15 0.16 0.14 
140125 171.98 194.7 207.27 0.12 0.15 0.18 












MERRA Station ID JPCP Transverse Cracking 
PMED RBF EXISTING  
138385 8.87 8.65 9.16 
138386 9.62 12.99 12.62 
138387 12.56 10.18 32.69 
138388 13.85 26.48 39.01 
138389 15.67 16.39 12.56 
138390 12.28 11.23 14.43 
138391 14.38 13.3 16.49 
138392 16.74 22.34 34.68 
138393 26.09 27.62 30.52 
138394 27.51 29 32.29 
138961 8.54 8.48 9.29 
138962 9.21 9.29 9.77 
138963 12.22 12.18 11.93 
138964 14.25 22.89 37.28 
138965 14.58 15.6 32.9 
138966 12.34 12.24 13.2 
138967 13.45 11.79 12.16 
138968 16.19 23.6 28.06 
138969 25.77 27.12 33.97 
138970 21.48 24.15 34.92 
138971 21.18 19.81 33.5 
138972 8.65 21.15 31.06 
139537 8.65 8.57 9.57 
139538 8.17 8.28 9.52 
139539 10.15 9.54 9.21 
139540 12.3 17.75 30.16 
139541 13.7 17.54 32.24 
139542 11.85 11.68 12.18 
139543 12.14 10.86 11.93 
139544 14.49 20.07 34.13 
139545 24.4 26.88 34.42 
139546 22.62 21.84 33.88 
139547 23.87 25.44 17.27 
139548 18.44 21.48 25.27 
139549 21.64 17.98 31.84 
139550 17.7 22.18 35.34 
140114 8.46 8.31 8.73 
140115 9.16 8.87 9.21 
140116 10.39 11.7 17.37 
140117 11.47 14.69 16.68 
140118 10.99 10.48 11.66 
140119 11.3 10.88 11.13 
140120 12.44 15.86 26.19 
140121 17.09 16.54 37.78 
140122 18.74 19.79 31.79 
140123 20.85 18.77 33.12 
140124 18.28 19.48 32.23 
140125 23.02 25.16 16.34 






MERRA Station ID Terminal IRI Total Pavement Permanent 
Deformation PMED RBF EXISTING  PMED RBF EXISTING  
138385 160.74 160.73 160.72 0.25 0.25 0.25 
138386 160.9 161.11 161.13 0.26 0.26 0.26 
138387 161.18 161.2 162.38 0.26 0.26 0.28 
138388 161.51 161.95 162.12 0.26 0.28 0.28 
138389 161.52 161.64 161.23 0.26 0.26 0.26 
138390 161.2 161.26 161.39 0.26 0.26 0.26 
138391 161.48 161.59 161.64 0.26 0.26 0.26 
138392 161.24 156.35 150.95 0.27 0.27 0.28 
138393 150.28 149.91 161.54 0.28 0.28 0.28 
138394 144.51 144.57 140.64 0.28 0.28 0.28 
138961 160.84 160.88 160.91 0.25 0.25 0.25 
138962 161.04 161.2 161.08 0.25 0.25 0.25 
138963 161.4 161.49 161.48 0.26 0.26 0.26 
138964 161.64 162.15 162.78 0.26 0.27 0.29 
138965 161.77 161.77 162.96 0.26 0.26 0.28 
138966 161.56 161.67 161.63 0.26 0.26 0.26 
138967 161.82 161.73 161.77 0.26 0.26 0.26 
138968 156.83 150.55 140.55 0.26 0.27 0.28 
138969 150.84 144.66 150.63 0.28 0.28 0.28 
138970 149.88 144.99 146.26 0.27 0.27 0.28 
138971 146.01 146.31 151.32 0.27 0.27 0.28 
138972 161.11 145.28 141.73 0.25 0.27 0.28 
139537 161.11 161.15 161.12 0.25 0.25 0.25 
139538 161.24 161.3 161.28 0.25 0.25 0.25 
139539 161.61 161.66 161.57 0.26 0.25 0.25 
139540 161.69 161.98 162.43 0.26 0.26 0.27 
139541 162.04 162.18 162.72 0.26 0.26 0.28 
139542 161.88 161.7 161.6 0.26 0.26 0.25 
139543 161.8 161.89 161.67 0.26 0.26 0.25 
139544 156.17 150.78 141.01 0.26 0.27 0.28 
139545 151.12 140.45 142.46 0.27 0.28 0.28 
139546 150.14 139.91 140.46 0.27 0.27 0.28 
139547 150.34 150.62 141.48 0.28 0.27 0.26 
139548 150.51 146.19 151 0.27 0.27 0.27 
139549 154.43 150.55 142.06 0.27 0.26 0.28 
139550 158.84 151.26 146.23 0.26 0.27 0.28 
140114 161.57 161.61 161.55 0.25 0.25 0.25 
140115 161.87 161.85 161.84 0.25 0.25 0.25 
140116 161.86 162.05 162.14 0.26 0.26 0.26 
140117 161.87 159.53 158.43 0.26 0.26 0.26 
140118 159.75 159.09 158.62 0.26 0.26 0.25 
140119 147.06 159.18 152.7 0.26 0.26 0.25 
140120 144.74 158.17 140.94 0.26 0.26 0.27 
140121 155.85 150.53 148.79 0.26 0.26 0.28 
140122 151.79 147.73 141.92 0.27 0.27 0.28 
140123 150.52 150.3 151.16 0.27 0.26 0.28 
140124 150.17 150.73 150.9 0.27 0.26 0.28 
140125 144.66 152.09 155.89 0.28 0.27 0.26 





MERRA Station ID Bottom-Up Cracking Thermal Cracking 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 1.46 1.46 1.46 3197.38 3197.38 3197.38 
138386 1.46 1.47 1.47 3197.38 3197.38 3197.38 
138387 1.47 1.47 1.51 3197.38 3197.38 3197.38 
138388 1.47 1.5 1.5 3197.38 3197.38 3197.38 
138389 1.47 1.47 1.47 3197.38 3197.38 3197.38 
138390 1.47 1.47 1.47 3197.38 3197.38 3197.38 
138391 1.47 1.47 1.47 3197.38 3197.38 3197.38 
138392 1.48 1.49 1.51 3197.38 2494.14 1719.2 
138393 1.5 1.51 1.49 1749.53 1670.93 3197.38 
138394 1.5 1.5 1.52 799.93 1002.17 440.57 
138961 1.46 1.46 1.46 3197.38 3197.38 3197.38 
138962 1.46 1.46 1.46 3197.38 3197.38 3197.38 
138963 1.47 1.47 1.47 3197.38 3197.38 3197.38 
138964 1.47 1.49 1.52 3197.38 3197.38 3197.38 
138965 1.47 1.47 1.51 3197.38 3197.38 3197.38 
138966 1.47 1.47 1.47 3197.38 3197.38 3197.38 
138967 1.47 1.47 1.46 3197.38 3197.38 3197.38 
138968 1.47 1.49 1.49 2371.49 1708.16 447.8 
138969 1.5 1.49 1.51 1796.41 1004.92 1677.83 
138970 1.49 1.49 1.51 1699.88 830.32 1218.65 
138971 1.46 1.48 1.5 962.01 1058.97 1536.51 
138972 1.46 1.49 1.51 3197.38 869.39 273.47 
139537 1.46 1.46 1.46 3197.38 3197.38 3197.38 
139538 1.46 1.46 1.46 3197.38 3197.38 3197.38 
139539 1.46 1.46 1.46 3197.38 3197.38 3197.38 
139540 1.47 1.48 1.49 3197.38 3197.38 3197.38 
139541 1.47 1.48 1.5 3197.38 3197.38 3197.38 
139542 1.47 1.47 1.46 3197.38 3197.38 3197.38 
139543 1.47 1.46 1.46 3197.38 3197.38 3197.38 
139544 1.47 1.48 1.5 2480.35 1600.18 483.56 
139545 1.49 1.5 1.52 1575.58 448.9 356.68 
139546 1.49 1.49 1.51 1709.55 440.57 446.53 
139547 1.5 1.49 1.47 1756.42 1546.64 755.34 
139548 1.48 1.49 1.48 1846.05 972.14 1676.88 
139549 1.48 1.47 1.52 1850.53 1605.98 281.28 
139550 1.47 1.49 1.52 2501.73 1605.98 810.07 
140114 1.46 1.46 1.46 3197.38 3197.38 3197.38 
140115 1.46 1.46 1.46 3197.38 3197.38 3197.38 
140116 1.46 1.47 1.47 3197.38 3197.38 3197.38 
140117 1.47 1.47 1.47 3197.38 2866.44 2728.55 
140118 1.47 1.46 1.46 2921.6 2838.86 2783.71 
140119 1.47 1.46 1.46 1352.4 2852.65 2039.1 
140120 1.47 1.47 1.48 1060.08 2588.56 549.34 
140121 1.48 1.47 1.51 2212.31 1537.95 1242.75 
140122 1.48 1.48 1.52 1634.92 1231.17 306.18 
140123 1.49 1.48 1.51 1553.88 1569.8 1548.09 
140124 1.48 1.48 1.5 1545.19 1619 1540.86 
140125 1.49 1.49 1.46 1029.74 1603.07 2357.02 







MERRA Station ID Top-Down Cracking AC Permanent Deformation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 4.69 4.69 4.69 0.01 0.01 0.01 
138386 4.69 4.69 4.69 0.01 0.02 0.02 
138387 4.69 4.69 4.69 0.02 0.01 0.03 
138388 4.69 4.69 4.69 0.02 0.03 0.03 
138389 4.69 4.69 4.69 0.02 0.02 0.01 
138390 4.69 4.69 4.69 0.02 0.01 0.02 
138391 4.69 4.69 4.69 0.02 0.02 0.02 
138392 4.69 4.69 4.69 0.02 0.02 0.03 
138393 4.69 4.69 4.69 0.03 0.03 0.03 
138394 4.69 4.69 4.69 0.03 0.03 0.03 
138961 4.69 4.69 4.69 0.01 0.01 0.01 
138962 4.69 4.69 4.69 0.01 0.01 0.01 
138963 4.69 4.69 4.69 0.02 0.02 0.01 
138964 4.69 4.69 4.69 0.02 0.02 0.03 
138965 4.69 4.69 4.69 0.02 0.02 0.03 
138966 4.69 4.69 4.69 0.02 0.01 0.01 
138967 4.69 4.69 4.69 0.02 0.01 0.01 
138968 4.69 4.69 4.69 0.02 0.02 0.02 
138969 4.69 4.69 4.69 0.03 0.03 0.03 
138970 4.69 4.69 4.69 0.02 0.02 0.03 
138971 4.69 4.69 4.69 0.02 0.02 0.03 
138972 4.69 4.69 4.69 0.01 0.02 0.03 
139537 4.69 4.69 4.69 0.01 0.01 0.01 
139538 4.69 4.69 4.69 0.01 0.01 0.01 
139539 4.69 4.69 4.69 0.01 0.01 0.01 
139540 4.69 4.69 4.69 0.02 0.02 0.02 
139541 4.69 4.69 4.69 0.02 0.02 0.03 
139542 4.69 4.69 4.69 0.01 0.01 0.01 
139543 4.69 4.69 4.69 0.01 0.01 0.01 
139544 4.69 4.69 4.69 0.02 0.02 0.03 
139545 4.69 4.69 4.69 0.02 0.03 0.03 
139546 4.69 4.69 4.69 0.02 0.02 0.03 
139547 4.69 4.69 4.69 0.03 0.02 0.02 
139548 4.69 4.69 4.69 0.02 0.02 0.02 
139549 4.69 4.69 4.69 0.02 0.02 0.03 
139550 4.69 4.69 4.69 0.01 0.02 0.03 
140114 4.69 4.69 4.69 0.01 0.01 0.01 
140115 4.69 4.69 4.69 0.01 0.01 0.01 
140116 4.69 4.69 4.69 0.01 0.01 0.02 
140117 4.69 4.69 4.69 0.01 0.02 0.02 
140118 4.69 4.69 4.69 0.01 0.01 0.01 
140119 4.69 4.69 4.69 0.01 0.01 0.01 
140120 4.69 4.69 4.69 0.01 0.02 0.02 
140121 4.69 4.69 4.69 0.02 0.02 0.03 
140122 4.69 4.69 4.69 0.02 0.02 0.03 
140123 4.69 4.69 4.69 0.02 0.02 0.03 
140124 4.69 4.69 4.69 0.02 0.02 0.03 
140125 4.69 4.69 4.69 0.02 0.02 0.01 









MERRA Station ID Terminal IRI Total Pavement Permanent Deformation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 161.54 161.58 161.55 0.25 0.25 0.25 
138386 161.71 161.8 161.95 0.25 0.26 0.26 
138387 161.9 162.16 162.09 0.26 0.26 0.26 
138388 162.26 161.94 162.08 0.26 0.26 0.26 
138389 162.19 162.41 162.24 0.26 0.26 0.26 
138390 161.98 162.27 162.34 0.26 0.26 0.26 
138391 162.19 162.53 162.56 0.26 0.26 0.26 
138392 161.63 162.45 157.38 0.26 0.26 0.27 
138393 159.06 156.76 161.43 0.26 0.26 0.26 
138394 153.85 150.51 140.46 0.27 0.26 0.26 
138961 161.7 161.8 161.79 0.25 0.25 0.25 
138962 161.92 162.17 162.03 0.25 0.26 0.25 
138963 162.21 162.33 162.45 0.26 0.26 0.26 
138964 162.36 162.55 162.29 0.26 0.26 0.26 
138965 162.6 162.53 162.91 0.26 0.26 0.26 
138966 162.51 162.72 162.72 0.26 0.26 0.26 
138967 162.82 162.84 162.93 0.26 0.26 0.26 
138968 161.83 154.98 141.07 0.27 0.27 0.27 
138969 158.88 154.02 157.05 0.26 0.26 0.27 
138970 156.66 154.77 158.21 0.26 0.27 0.26 
138971 156.51 156.13 158.38 0.27 0.27 0.27 
138972 162 155.14 144.11 0.25 0.27 0.27 
139537 162 162.11 162.04 0.25 0.25 0.25 
139538 162.18 162.29 162.26 0.25 0.25 0.25 
139539 162.56 162.7 162.64 0.26 0.26 0.26 
139540 162.5 162.57 162.7 0.26 0.26 0.26 
139541 162.95 162.92 162.72 0.26 0.26 0.26 
139542 162.93 162.76 162.64 0.26 0.26 0.26 
139543 162.81 163.03 162.78 0.26 0.26 0.26 
139544 161.28 162.03 141.32 0.26 0.27 0.27 
139545 156.33 140.99 146.47 0.27 0.27 0.27 
139546 156.68 140.43 140.6 0.26 0.26 0.27 
139547 157.96 155.65 141.88 0.26 0.27 0.26 
139548 158.82 152.46 155.5 0.26 0.27 0.26 
139549 160.57 205.38 146.55 0.27 0.27 0.27 
139550 161.68 156.41 152.89 0.27 0.27 0.27 
140114 162.57 162.65 162.52 0.26 0.26 0.25 
140115 162.9 162.9 162.94 0.26 0.26 0.26 
140116 162.79 162.99 162.93 0.26 0.26 0.26 
140117 162.76 163.08 163.13 0.26 0.26 0.26 
140118 161.02 160.9 160.86 0.26 0.26 0.26 
140119 145.92 157.29 152.68 0.26 0.26 0.26 
140120 142.49 159.65 141.31 0.26 0.26 0.26 
140121 159.25 159.81 158.47 0.27 0.27 0.27 
140122 158.32 151.39 143.99 0.27 0.27 0.27 
140123 154.44 155.29 155.51 0.27 0.27 0.27 
140124 155.07 155.67 154.33 0.27 0.27 0.27 
140125 154.15 156.41 158.44 0.26 0.27 0.26 





MERRA Station ID Bottom-Up Cracking Thermal Cracking 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138386 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138387 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138388 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138389 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138390 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138391 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138392 1.45 1.45 1.45 3197.38 3197.38 2521.71 
138393 1.45 1.45 1.45 2852.65 2521.71 3197.38 
138394 1.45 1.45 1.45 1980.77 1723.33 440.57 
138961 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138962 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138963 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138964 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138965 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138966 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138967 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138968 1.45 1.45 1.45 2877.98 2190.78 457.23 
138969 1.45 1.45 1.45 2783.71 2121.83 2466.56 
138970 1.45 1.45 1.45 2494.14 2024.19 2742.34 
138971 1.45 1.45 1.45 2212.31 2212.31 2371.49 
138972 1.45 1.45 1.45 3197.38 2024.19 524.98 
139537 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139538 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139539 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139540 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139541 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139542 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139543 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139544 1.45 1.45 1.45 3004.33 2935.87 498.59 
139545 1.45 1.45 1.45 2168.9 471.69 873.74 
139546 1.45 1.45 1.45 2480.35 440.58 462.74 
139547 1.45 1.45 1.45 2687.18 2111.01 698.81 
139548 1.45 1.45 1.45 2825.07 1676.88 2154.43 
139549 1.45 1.45 1.45 2487.26 2096.54 821.63 
139550 1.45 1.45 1.45 2689.86 2154.43 1623.34 
140114 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140115 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140116 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140117 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140118 1.45 1.45 1.45 2949.17 2921.6 2921.6 
140119 1.45 1.45 1.45 1078.01 2480.35 1887.42 
140120 1.45 1.45 1.45 653.3 2660.91 496.94 
140121 1.45 1.45 1.45 2516.2 2588.56 2487.26 
140122 1.45 1.45 1.45 2342.55 1613.21 566.95 
140123 1.45 1.45 1.45 1966.3 2096.54 2096.54 
140124 1.45 1.45 1.45 2067.6 2139.96 1937.36 
140125 1.45 1.45 1.45 2176.99 2053.13 2545.15 







MERRA Station ID Top-Down Cracking AC Permanent Deformation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 4.69 4.69 4.69 0 0 0 
138386 4.69 4.69 4.69 0 0 0 
138387 4.69 4.69 4.69 0 0 0 
138388 4.69 4.69 4.69 0 0 0 
138389 4.69 4.69 4.69 0 0 0 
138390 4.69 4.69 4.69 0 0 0 
138391 4.69 4.69 4.69 0 0 0 
138392 4.69 4.69 4.69 0 0 0 
138393 4.69 4.69 4.69 0 0 0 
138394 4.69 4.69 4.69 0 0 0 
138961 4.69 4.69 4.69 0 0 0 
138962 4.69 4.69 4.69 0 0 0 
138963 4.69 4.69 4.69 0 0 0 
138964 4.69 4.69 4.69 0 0 0 
138965 4.69 4.69 4.69 0 0 0 
138966 4.69 4.69 4.69 0 0 0 
138967 4.69 4.69 4.69 0 0 0 
138968 4.69 4.69 4.69 0 0 0 
138969 4.69 4.69 4.69 0 0 0 
138970 4.69 4.69 4.69 0 0 0 
138971 4.69 4.69 4.69 0 0 0 
138972 4.69 4.69 4.69 0 0 0 
139537 4.69 4.69 4.69 0 0 0 
139538 4.69 4.69 4.69 0 0 0 
139539 4.69 4.69 4.69 0 0 0 
139540 4.69 4.69 4.69 0 0 0 
139541 4.69 4.69 4.69 0 0 0 
139542 4.69 4.69 4.69 0 0 0 
139543 4.69 4.69 4.69 0 0 0 
139544 4.69 4.69 4.69 0 0 0 
139545 4.69 4.69 4.69 0 0 0 
139546 4.69 4.69 4.69 0 0 0 
139547 4.69 4.69 4.69 0 0 0 
139548 4.69 4.69 4.69 0 0 0 
139549 4.69 4.69 4.69 0 0 0 
139550 4.69 4.69 4.69 0 0 0 
140114 4.69 4.69 4.69 0 0 0 
140115 4.69 4.69 4.69 0 0 0 
140116 4.69 4.69 4.69 0 0 0 
140117 4.69 4.69 4.69 0 0 0 
140118 4.69 4.69 4.69 0 0 0 
140119 4.69 4.69 4.69 0 0 0 
140120 4.69 4.69 4.69 0 0 0 
140121 4.69 4.69 4.69 0 0 0 
140122 4.69 4.69 4.69 0 0 0 
140123 4.69 4.69 4.69 0 0 0 
140124 4.69 4.69 4.69 0 0 0 
140125 4.69 4.69 4.69 0 0 0 









MERRA Station ID Terminal IRI Total Pavement Permanent 
Deformation PMED RBF EXISTING  PMED RBF EXISTING  
138385 158.27 158.27 158.26 0.2 0.2 0.2 
138386 158.43 158.65 158.68 0.2 0.21 0.2 
138387 158.73 158.73 160.04 0.21 0.2 0.24 
138388 159.07 159.56 159.77 0.21 0.23 0.23 
138389 159.08 159.2 158.78 0.21 0.21 0.2 
138390 158.74 158.81 158.95 0.21 0.2 0.2 
138391 159.02 159.14 159.2 0.21 0.21 0.21 
138392 158.78 159.63 148.9 0.21 0.22 0.23 
138393 154.16 148.13 159.17 0.23 0.23 0.23 
138394 137.68 142.19 138.19 0.23 0.23 0.23 
138961 158.37 158.43 158.45 0.2 0.2 0.2 
138962 158.59 158.74 158.62 0.2 0.2 0.2 
138963 158.95 159.04 159.03 0.21 0.21 0.2 
138964 159.2 159.73 160.47 0.21 0.22 0.24 
138965 159.35 159.33 160.61 0.21 0.21 0.23 
138966 159.12 159.23 159.19 0.21 0.2 0.2 
138967 159.38 159.28 159.33 0.21 0.2 0.2 
138968 148.27 147.95 138.03 0.21 0.22 0.22 
138969 149.05 142.12 148.51 0.23 0.22 0.24 
138970 147.77 142.76 150.12 0.22 0.22 0.23 
138971 143.15 143.26 149.27 0.22 0.21 0.23 
138972 158.65 142.76 140.03 0.2 0.22 0.23 
139537 158.65 158.7 158.67 0.2 0.2 0.2 
139538 158.79 158.85 158.84 0.2 0.2 0.2 
139539 159.17 159.22 159.11 0.2 0.2 0.2 
139540 159.26 159.56 160.03 0.21 0.21 0.22 
139541 159.61 159.77 160.38 0.21 0.21 0.23 
139542 159.45 159.28 159.17 0.2 0.2 0.2 
139543 159.36 156.64 159.23 0.2 0.2 0.2 
139544 153.82 148.21 138.35 0.21 0.21 0.23 
139545 148.76 137.94 140.93 0.22 0.23 0.23 
139546 147.91 138.05 138.05 0.22 0.23 0.23 
139547 148.63 148.4 137.25 0.23 0.22 0.21 
139548 148.84 143.22 142.79 0.22 0.22 0.21 
139549 151.16 148.09 141.41 0.21 0.21 0.23 
139550 150.19 143.33 144.67 0.21 0.22 0.23 
140114 159.11 159.14 159.08 0.2 0.2 0.2 
140115 159.41 159.38 159.37 0.2 0.2 0.2 
140116 159.4 159.6 159.72 0.2 0.2 0.21 
140117 159.43 156.86 155.65 0.2 0.21 0.21 
140118 153.37 152.03 155.5 0.2 0.2 0.2 
140119 139.97 153.35 143.05 0.2 0.2 0.2 
140120 138.07 151.44 137.77 0.21 0.21 0.21 
140121 146.91 145.92 145.62 0.21 0.21 0.23 
140122 148.51 144.24 140.04 0.21 0.22 0.23 
140123 143.16 148.02 148.27 0.22 0.21 0.24 
140124 142.74 143.23 143.59 0.21 0.21 0.23 
140125 142.41 144.5 148.24 0.22 0.22 0.2 





MERRA Station ID Bottom-Up Cracking Thermal Cracking 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138386 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138387 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138388 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138389 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138390 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138391 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138392 1.45 1.45 1.45 3197.38 3197.38 1761.93 
138393 1.45 1.45 1.45 2521.71 1748.14 3197.38 
138394 1.45 1.45 1.46 440.57 1010.43 440.57 
138961 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138962 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138963 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138964 1.45 1.45 1.46 3197.38 3197.38 3197.38 
138965 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138966 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138967 1.45 1.45 1.45 3197.38 3197.38 3197.38 
138968 1.45 1.45 1.45 1588.6 1690.23 443.15 
138969 1.45 1.45 1.46 1873.63 995.27 1709.55 
138970 1.45 1.45 1.45 1742.63 862.16 1983.94 
138971 1.45 1.45 1.45 911.37 983.72 1579.93 
138972 1.45 1.45 1.46 3197.38 865.05 368.7 
139537 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139538 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139539 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139540 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139541 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139542 1.45 1.45 1.45 3197.38 3197.38 3197.38 
139543 1.45 1.45 1.45 3197.38 2852.65 3197.38 
139544 1.45 1.45 1.45 2494.14 1585.71 454.6 
139545 1.45 1.45 1.46 1585.71 445.59 475.78 
139546 1.45 1.45 1.45 1735.74 446.01 446.01 
139547 1.45 1.45 1.45 1846.05 1574.13 543.96 
139548 1.45 1.45 1.45 1942.58 909.91 934.51 
139549 1.45 1.45 1.46 1749.24 1607.42 514.85 
139550 1.45 1.45 1.46 1705.82 899.79 922.93 
140114 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140115 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140116 1.45 1.45 1.45 3197.38 3197.38 3197.38 
140117 1.45 1.45 1.45 3197.38 2838.86 2687.18 
140118 1.45 1.45 1.45 2438.98 2273.51 2700.97 
140119 1.45 1.45 1.45 792.58 2438.98 1162.11 
140120 1.45 1.45 1.45 554.57 2038.66 466.18 
140121 1.45 1.45 1.46 1377.33 1261.56 1144.34 
140122 1.45 1.45 1.46 1530.72 1099.49 377.37 
140123 1.45 1.45 1.46 922.93 1591.51 1484.41 
140124 1.45 1.45 1.45 908.46 969.25 908.46 
140125 1.45 1.45 1.45 1057.32 935.96 1691.35 







MERRA Station ID Top-Down Cracking AC Permanent Deformation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 4.69 4.69 4.69 0.02 0.02 0.02 
138386 4.69 4.69 4.69 0.02 0.02 0.02 
138387 4.69 4.69 4.69 0.02 0.02 0.05 
138388 4.69 4.69 4.69 0.03 0.04 0.04 
138389 4.69 4.69 4.69 0.03 0.03 0.02 
138390 4.69 4.69 4.69 0.02 0.02 0.02 
138391 4.69 4.69 4.69 0.03 0.02 0.02 
138392 4.69 4.69 4.69 0.03 0.03 0.05 
138393 4.69 4.69 4.69 0.04 0.04 0.04 
138394 4.69 4.69 4.69 0.04 0.04 0.05 
138961 4.69 4.69 4.69 0.02 0.02 0.02 
138962 4.69 4.69 4.69 0.02 0.02 0.02 
138963 4.69 4.69 4.69 0.02 0.02 0.02 
138964 4.69 4.69 4.69 0.03 0.03 0.05 
138965 4.69 4.69 4.69 0.03 0.03 0.05 
138966 4.69 4.69 4.69 0.02 0.02 0.02 
138967 4.69 4.69 4.69 0.02 0.02 0.02 
138968 4.69 4.69 4.69 0.02 0.04 0.04 
138969 4.69 4.69 4.69 0.04 0.04 0.05 
138970 4.69 4.69 4.69 0.04 0.04 0.05 
138971 4.69 4.69 4.69 0.03 0.03 0.04 
138972 4.69 4.69 4.69 0.02 0.03 0.04 
139537 4.69 4.69 4.69 0.02 0.02 0.02 
139538 4.69 4.69 4.69 0.02 0.02 0.02 
139539 4.69 4.69 4.69 0.02 0.02 0.02 
139540 4.69 4.69 4.69 0.02 0.03 0.04 
139541 4.69 4.69 4.69 0.02 0.03 0.04 
139542 4.69 4.69 4.69 0.02 0.02 0.02 
139543 4.69 4.69 4.69 0.02 0.02 0.02 
139544 4.69 4.69 4.69 0.03 0.03 0.04 
139545 4.69 4.69 4.69 0.04 0.04 0.05 
139546 4.69 4.69 4.69 0.04 0.05 0.05 
139547 4.69 4.69 4.69 0.04 0.03 0.02 
139548 4.69 4.69 4.69 0.03 0.03 0.03 
139549 4.69 4.69 4.69 0.02 0.02 0.04 
139550 4.69 4.69 4.69 0.02 0.03 0.04 
140114 4.69 4.69 4.69 0.02 0.02 0.02 
140115 4.69 4.69 4.69 0.02 0.02 0.02 
140116 4.69 4.69 4.69 0.02 0.02 0.02 
140117 4.69 4.69 4.69 0.02 0.02 0.02 
140118 4.69 4.69 4.69 0.02 0.02 0.02 
140119 4.69 4.69 4.69 0.02 0.02 0.02 
140120 4.69 4.69 4.69 0.02 0.02 0.03 
140121 4.69 4.69 4.69 0.03 0.02 0.05 
140122 4.69 4.69 4.69 0.03 0.03 0.05 
140123 4.69 4.69 4.69 0.03 0.03 0.05 
140124 4.69 4.69 4.69 0.03 0.03 0.04 
140125 4.69 4.69 4.69 0.04 0.03 0.02 









MERRA Station ID Terminal IRI Total Pavement Permanent 
Deformation PMED RBF EXISTING  PMED RBF EXISTING  
138385 169.91 170.01 170.02 0.22 0.22 0.22 
138386 170.09 170.3 170.25 0.22 0.23 0.22 
138387 168.33 170.14 169.65 0.23 0.22 0.28 
138388 170.25 164.4 169.00  0.23 0.26 0.27  
138389 170.29 170.4 170.29 0.23 0.23 0.22 
138390 170.42 171.14 171.66 0.22 0.22 0.22 
138391 170.04 170.07 170.16 0.23 0.22 0.22 
138392 162 156.01 158.08 0.24 0.25 0.27 
138393 157.93 156.7 162.93 0.27 0.27 0.26 
138394 155.54 155.64 157.92 0.26 0.26 0.27 
138961 170.82 171.09 171.01 0.22 0.21 0.22 
138962 170.69 170.8 171.77 0.22 0.22 0.22 
138963 170.92 171.12 171.26 0.22 0.22 0.22 
138964 170.4 171.06 166.98 0.23 0.25 0.28 
138965 170.39 170.42 166.1 0.23 0.23 0.27 
138966 170.19 170.27 170.2 0.22 0.22 0.22 
138967 162.13 168.37 170.18 0.22 0.22 0.22 
138968 155.97 154.81 154.87 0.23 0.25 0.25 
138969 157.34 154.69 157.73 0.26 0.25 0.27 
138970 154.23 154.54 157.77 0.25 0.25 0.27 
138971 154.36 153.86 156.42 0.24 0.23 0.26 
138972 172.01 154.33 157.47 0.21 0.24 0.26 
139537 172.01 172.52 172.85 0.21 0.21 0.21 
139538 173.31 173.84 174.91 0.21 0.21 0.21 
139539 170.18 175.77 175.05 0.22 0.22 0.21 
139540 170.37 170.83 171.56 0.22 0.23 0.25 
139541 162.99 163.35 164.76 0.23 0.23 0.26 
139542 163.19 170.18 170.06 0.22 0.22 0.22 
139543 160.26 159.72 166.14 0.22 0.22 0.22 
139544 157.21 154.81 156.16 0.23 0.23 0.26 
139545 155.04 155.24 158.46 0.25 0.26 0.27 
139546 154.77 154.14 156.95 0.25 0.24 0.27 
139547 155.77 154.74 152.81 0.26 0.25 0.23 
139548 155.32 154.4 153.92 0.24 0.24 0.23 
139549 155.87 153.67 157.97 0.23 0.22 0.26 
139550 155.77 154.71 158 0.22 0.24 0.27 
140114 170.16 170.29 176.67 0.21 0.21 0.21 
140115 164.51 170.31 170.4 0.21 0.21 0.21 
140116 170.43 170.64 170.84 0.22 0.22 0.23 
140117 170.38 157.55 156.74 0.22 0.23 0.23 
140118 156.57 156.3 156.12 0.22 0.22 0.22 
140119 153.42 156.41 153.58 0.22 0.22 0.22 
140120 153.49 156.41 154.16 0.22 0.23 0.24 
140121 154.77 154.43 157.58 0.23 0.23 0.27 
140122 154.97 154.07 158.25 0.23 0.24 0.27 
140123 154.36 153.91 157.76 0.24 0.23 0.27 
140124 153.93 153.94 155.75 0.23 0.23 0.26 
140125 154.71 155.64 153.42 0.25 0.25 0.22 





MERRA Station ID Bottom-Up Cracking Thermal Cracking 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 3.87 3.76 3.79 2755.14 2769.84 2769.84 
138386 4.11 4.82 4.3 2755.14 2740.44 2740.44 
138387 4.97 4.11 13.12 2490.46 2725.73 2152.26 
138388 5.36 11.52 10.57  2681.62 1689.07 2269.90  
138389 5.7 5.44 4.08 2681.62 2681.62 2740.44 
138390 4.61 4.01 4.28 2755.14 2843.37 2887.48 
138391 5.04 4.42 4.54 2666.91 2666.91 2666.91 
138392 6.47 7.65 13.08 1687.6 830.34 673.3 
138393 12.4 12.3 9.65 818.57 640.35 1665.54 
138394 11.1 11.31 14.47 277.54 565.24 565.18 
138961 3.7 3.57 3.62 2858.07 2887.48 2872.78 
138962 3.87 3.67 3.61 2813.96 2813.96 2946.3 
138963 4.59 4.54 3.98 2784.55 2799.25 2828.66 
138964 5.27 7.67 16.62 2681.62 2666.91 1567.02 
138965 5 5.39 12.28 2666.91 2666.91 1702.3 
138966 4.4 4.16 3.95 2681.62 2681.62 2681.62 
138967 4.51 3.95 3.82 1656.72 2446.35 2666.91 
138968 4.85 8.33 8.55 538.08 601.82 565.18 
138969 10.86 9.31 13.6 820.04 567.11 598.3 
138970 8.78 8.85 14.96 604.62 279.89 596.39 
138971 7.21 6.19 10.06 280.41 286.22 320.74 
138972 3.58 6.79 12.51 2975.71 286.66 277.34 
139537 3.58 3.47 3.51 2975.71 3034.52 3078.64 
139538 3.52 3.41 3.46 3122.75 3181.57 3313.91 
139539 3.87 3.65 3.45 2681.62 3372.73 3299.2 
139540 4.56 5.84 8.03 2681.62 2681.62 2681.62 
139541 4.65 5.69 10.15 1728.77 1736.12 1699.36 
139542 4.22 3.97 3.79 1781.71 2666.91 2666.91 
139543 4.25 3.77 3.73 1433.22 1367.05 2181.67 
139544 5.04 5.76 10.78 1024.44 374.64 565.2 
139545 8.49 9.8 14.08 296.28 565.19 277.39 
139546 9.33 7.66 12.74 615.94 565.18 565.18 
139547 10.49 8.19 4.65 682.4 299.09 565.24 
139548 7.42 7.01 5.89 824.45 278.09 306.4 
139549 4.76 4.56 12.94 316.07 291.56 277.35 
139550 3.7 6.8 12.79 404.4 296.59 277.39 
140114 3.48 3.33 3.36 2696.32 2711.03 3505.06 
140115 3.56 3.46 3.34 1961.1 2681.62 2696.32 
140116 3.96 4.08 4.59 2681.62 2681.62 2681.62 
140117 4.23 4.78 4.61 2666.91 1036.2 936.21 
140118 3.93 3.7 3.69 959.73 931.79 909.74 
140119 3.89 3.7 3.55 569.96 947.98 589.47 
140120 4.21 4.89 5.84 565.47 636.24 565.21 
140121 5.16 4.79 13.02 341.46 314.81 297.52 
140122 5.47 7.17 13.98 313.26 282.34 277.38 
140123 7.24 5.62 13.6 281.84 287.49 282.44 
140124 6.13 5.58 10.09 282.25 290.4 281.85 
140125 9.77 8.05 3.66 571.23 283.67 335.69 







MERRA Station ID Top-Down Cracking AC Permanent Deformation 
PMED RBF EXISTING  PMED RBF EXISTING  
138385 14.23 14.23 14.23 0.04 0.04 0.04 
138386 14.23 14.23 14.23 0.04 0.05 0.04 
138387 14.23 14.23 14.23 0.05 0.04 0.09 
138388 14.23 14.23 14.23  0.05 0.08  0.08 
138389 14.22 14.22 14.22 0.05 0.05 0.04 
138390 14.22 14.22 14.22 0.04 0.04 0.04 
138391 14.22 14.22 14.22 0.05 0.04 0.04 
138392 14.22 14.22 14.22 0.06 0.06 0.09 
138393 14.22 14.22 14.23 0.08 0.08 0.08 
138394 14.22 14.22 14.22 0.08 0.08 0.09 
138961 14.23 14.23 14.23 0.04 0.04 0.04 
138962 14.23 14.23 14.23 0.04 0.04 0.04 
138963 14.23 14.23 14.23 0.04 0.04 0.04 
138964 14.23 14.23 14.23 0.05 0.06 0.1 
138965 14.23 14.23 14.23 0.05 0.05 0.09 
138966 14.22 14.22 14.22 0.04 0.04 0.04 
138967 14.22 14.22 14.22 0.04 0.04 0.04 
138968 14.22 14.22 14.22 0.05 0.07 0.07 
138969 14.22 14.22 14.22 0.08 0.07 0.09 
138970 14.22 14.22 14.23 0.07 0.07 0.09 
138971 14.22 14.22 14.22 0.06 0.05 0.07 
138972 14.23 14.22 14.22 0.04 0.06 0.08 
139537 14.23 14.23 14.23 0.04 0.03 0.04 
139538 14.23 14.23 14.22 0.03 0.03 0.03 
139539 14.23 14.23 14.23 0.04 0.04 0.03 
139540 14.23 14.23 14.23 0.04 0.05 0.07 
139541 14.23 14.23 14.23 0.05 0.05 0.08 
139542 14.23 14.23 14.23 0.04 0.04 0.04 
139543 14.22 14.22 14.22 0.04 0.04 0.04 
139544 14.22 14.22 14.22 0.05 0.05 0.08 
139545 14.22 14.22 14.23 0.07 0.07 0.09 
139546 14.22 14.22 14.23 0.07 0.06 0.09 
139547 14.22 14.22 14.22 0.07 0.07 0.04 
139548 14.22 14.22 14.22 0.06 0.06 0.05 
139549 14.25 14.22 14.22 0.05 0.04 0.08 
139550 14.23 14.22 14.23 0.04 0.06 0.08 
140114 14.23 14.23 14.22 0.03 0.03 0.03 
140115 14.23 14.23 14.23 0.04 0.03 0.03 
140116 14.23 14.23 14.23 0.04 0.04 0.05 
140117 14.23 14.23 14.23 0.04 0.05 0.05 
140118 14.23 14.23 14.23 0.04 0.04 0.04 
140119 14.23 14.23 14.23 0.04 0.04 0.04 
140120 14.22 14.22 14.23 0.04 0.05 0.06 
140121 14.23 14.22 14.23 0.05 0.05 0.09 
140122 14.23 14.23 14.23 0.05 0.06 0.09 
140123 14.22 14.23 14.23 0.06 0.05 0.09 
140124 14.22 14.23 14.23 0.05 0.05 0.08 
140125 14.22 14.23 14.23 0.07 0.06 0.04 
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